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INTRODUCTION 


This study examines in detail phenetic variation in and among 
samples of Red-winged Blackbirds (Agelaius phoeniceus) from 
central Canada and the central grasslands of the United States. 
The purpose is to determine the nature of this variation, to throw 
light on the extent of gene flow among populations, and to provide 
a basis for discussion of the adaptive significance of morphological 
variation in this species. Red-winged Blackbirds range throughout 
North America and in the breeding season are found primarily in 
marshy habitat, along tall-grass lake edges, and in irrigated or 
overgrown farmland. In the western part of the plains, distribution 
is disjunct owing to wide expanses of dry grassland. In the central 
and northern reaches of the Canadian prairie provinces and through 
western Ontario the distribution is disrupted locally by expanses of 
coniferous forests, although the birds may be abundant near the 
numerous lakes in these regions. To a lesser degree deciduous 
forest disrupts the distribution in the eastern section of the study 
area. Generally, though, there are no major geographic barriers to 
dispersal within the region of interest. The absence of barriers to 
dispersal and the fact that Red-winged Blackbirds are relatively 
abundant and mobile suggest a situation conducive to considerable 
gene flow among populations. Until now recognition of geographic 
variation has been couched within the classical subspecies concept 
(A. O. U., 1957). The study area and the distribution of presently 
recognized subspecies of Agelaius phoeniceus are shown in Figure 1. 

Since Red-winged Blackbirds in the study area are migratory 
and the winter ranges are poorly known, only specimens collected 
on the breeding grounds can be of interest in assessing phenetic 
variation. Use of breeding birds also minimizes variation in char- 
acters, such as feather dimensions and the length of the bill, which 
are known to vary seasonally due to wear. Specimens collected 
from 1 May to 30 July were used as these dates will largely exclude 
spring migrants and post-breeding wandering flocks (Bent, 1958; 
Johnston, 1964; Nero, 1956; and elsewhere ). 

Of interest, first, is variation within locality samples due to age 
and time. Second, comparisons among localities for each character 
(univariate comparisons) are investigated by means of multiple 
comparison analysis of variance. Third, a multivariate comparison 
among localities is made using canonical variates analysis and factor 
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Fic. 1. The distribution of subspecies of the Reg-winged Blackbird (A. O. U., 
1957; Eisenmann, 1955; and Miller et al., 1957). The study area is shown 
cross-hatched. 


analysis. Finally, taxonomic and methodological implications are 
discussed. Where practicable, variation in characters is compared 
with certain environmental and geographic features. The adaptive 
significance of patterns of geographic variation is discussed mainly 
from the viewpoint of existing theories and the ecogeographic rules, 
although I have not felt bound by these. 
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This study was completed in 1967 as a dissertation in partial 
fulfillment of the requirements for the Ph.D. in Zoology at the 
University of Kansas. 

METHODS 


Characters 


The characters used in this study are mainly those used classically and most 
frequently in avian systematics; these are as follows, together with the defining 
technique. Bill length was measured from the tip of the bill to the base at 
the fronto-nasal hinge. Bill height was measured from the exposed portion of 
the mandibular rami on the lower mandible to the highest point at the top of 
the culmen on the upper bill. The width of the lower mandible was taken at 
the widest part of the base of the bill across the mandibular rami. The width 
of the upper mandible is the distance between the sides of the upper mandible 
at their widest separation near the commissural point. Tarsus length was 
measured as the distance from the junction of the tibiotarsus and the tarso- 
metatarsus on the posterior aspect of the leg, to the distal edge of the last 
undivided scute on the anterior aspect of the tarsometatarsus near the base of 
the toes. Tail length was measured from the point of emergence of the two 
central rectrices to the tip of the largest central rectrix. Wing length to the 
longest primary feather is the chord of the folded wing from the wrist to the 
distal tip of the longest primary feather. Wing length to the first secondary 
feather was taken similarly but was measured from the wrist of the folded wing 
to the distal edge of the number one (outermost) secondary feather. Epaulet 
color in males was compared with the epaulets of five selected reference speci- 
mens ranging from orange to intense red (index numbers 1 to 5, respectively ); 
this covered the range of variation in adult birds. Ventral and dorsal color 
were measured in females only. The scale for the color of the ventral and 
dorsal contour feathers was a series of six selected reference specimens ranging 
from reddish brown to dark brown and numbered from one to six in order of 
increasing darkness. Body weight is the fresh weight in grams of the entire 
animal. Weights were taken from the labels of many specimens and are as- 
sumed to be fresh weights. Heart weight was recorded as dry weight in grams 
after removal of major vessels, external fat, and congealed blood from the 
chambers. 

Linear measurements were taken with dial calipers to the nearest 0.1 mm 
for bill and tarsus and to the nearest 1.0 mm for feather measurements. Color 
comparisons were made to the nearest half of an index score, and were made 
under the constant illumination of a MacBeth Super Color Matching Skylight 
under the control setting “north sky daylight.” Specimens were lightly 
swabbed with a lead-free gasoline and air-dried before color comparisons were 
made. Hearts were weighed to the nearest 0.001 gm on a Mettler balance 
after desiccation in a circulating warm air chamber for four to seven days 
(no appreciable weight loss occurred after two or three days of desiccation). 
The cube roots of body and heart weights were used in comparisons among 
localities and in certain other calculations that required linear transformation 
of the data. 

A few additional points must be mentioned regarding female color. The 
over-all darkness or lightness of a specimen as measured here is a combina- 
tion of variation in two aspects of color. The first is the density of melanin 
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deposited in the feathers, and the second is the actual width of the melanic 
areas of the feather. No attempt at separation of these aspects was made. 
Rather I tried to grasp the total color impression as might be gained by a 
visually oriented predator. Refinements on color analysis could involve spec- 
trophotometric analyses of specimens and of chemically extracted pigments. 
For additional colorimetric methods see Bowers (1959), Dyck (1966), and 
Selander et al. (1964). 
Localities 


The “localities” used as samples in this study vary in size, shape, and geo- 
graphic composition. In many cases I used museum specimens that had not 
been collected expressly for studies in geographic variation. It was therefore 
necessary to lump various localities together in order to obtain reasonable 
sample sizes. In many cases sample sizes are still relatively small, but I con- 
sidered it to be of greater value to include information based on a few speci- 
mens than to have no information at all for certain sites. A total of 54 samples, 
or localities, is used for most characters in males. And, since in Red-winged 
Blackbirds there have been fewer females collected than males, only 48 local- 
ities could be used for most characters in females. A total of 1,172 male and 
679 female specimens have been used in the final analysis. In much of the 
discussion that follows, and in various illustrations, localities are referred to by 
number. The locality numbers, geographic details of each sample, and number 
of specimens per locality are given in Table 1 (see also Fig. 2). 

About 600 specimens were collected by Mr. W. M. Good between 1949 
and 1951 for the purpose of a study of geographic variation. About 320 speci- 
mens were collected by me during the summer of 1966. These specimens, 
among others used, are housed at the University of Kansas. The remaining 
specimens were taken in various years by many different collectors and are now 
housed in several museums in the U. S. and Canada (see Acknowledgments 
section ). 


TABLE 1.—List of Places from which Data on Specimens were Obtained 
and Analyzed. 
Locality Number 
Number Locality Description $6 QQ 
1 Northwest Territories (Mackenzie): Vicinity Hay River, 14 13 
vicinity Fort Providence. 
2) Northwest Territories (Mackenzie): Fort Smith. 14 10 
Alberta: Conibear Lake (Wood Buffalo Park), south of 
Fort Smith (60th Parallel). 
3 Alberta: Grimshaw, McLennan, Donnelly, Cardinal Lake, 20 23 
Joussard, High Prairie. 
4 Alberta: Antler Lake, Cooking Lake, Edmonton, Minis- 42 9 
tik Lake, Woodbend, Beaverhill Lake, Big Island Lake, 
Acheson, Belvedere, Camrose, Kavannah (Kavanagh?), 
Pigeon Lake, Big Hay Lake. 
Alberta: Vicinity E of Vermilion. ll 1 
Alberta: Didsbury (Dog Pound Creek), 20 mi NW Cal- 30 16 
gary, vicinity Olds, Trochu, Rosebud, Elbow River 
(W of Calgary), Midnopore, Gorge Creek, Kew, vicin- 
ity Green Mountain. 
ih Alberta: Walsh, Irvine, Elkwater Lake (Cypress Hills). 43 13 
Saskatchewan: Eastend, Maple Creek, Cypress Lake, 
Cypress Hills, Robsart. 
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TABLE 1.—List of Places from which Data on Specimens were Obtained 


and Analyzed.—( Continued ) 


Locality 

Number Locality Description 

8 Saskatchewan: Vicinity N of Prince Albert, Emma Lake, 
N Montreal Lake. 

9 Saskatchewan: Vicinity Regina, Disley, Indian Head, 
Lake Katepwa, Pasqua Lake, Last Mountain Lake, 
Davidson. 

10 Manitoba: The Pas, Reader Lake, Overflowing River, 
Cedar Lake. 

ll Saskatchewan: Madge Lake. 

Manitoba: Swan River, Garland, Dauphin, Clear Lake, 
Russell. 

12 Manitoba: Gypsumville (Lake St. Martin Indian Reser- 
vation), Steep Rock, Jackhead Indian Reservation, 
Jackhead Lake. 

13 Manitoba: Shoal Lake, Delta Station, Deer Lodge, 
Headingly, Lac du Bonnet, Winnipeg, Murray Park, 
Grant’s Lake (Prosser). 

14 Manitoba: Whitemouth, Rennie. 

Ontario: Ingolf, Malachi, vicinity Kenora. 

15 Ontario: Favourable Lake Mine. 

16 Ontario: Wabigoon, Lac Seul, Sioux Lookout. 

17 Ontario: Hurkett (15 mi SW Nipigon), Whitefish Lake, 
Kakabeka. 

18 Wisconsin: Vicinity S and E of Superior, Orienta, Port 
Wing. 

19 Minnesota: Fort Snelling, Champlin, Minneapolis, Elk 
River, Baldwin Lake, Lexington, Chisago Co., Ramsey 
Co. 

20 Minnesota: Vicinity Brooten, vicinity New London. 

PAL Minnesota: Vicinity Lake George, vicinity Lake Itasca 
(Itasca State Park), Bagley, Upper Rice Lake, 
Wauban, Mahnomen, Alida. 

22, Minnesota: Oslo, Karlstad, Warren. 

North Dakota: Grafton, Larimore, Manvel. 

23 North Dakota: Stump Lake, Girard Lake, Tokio, Fort 
Totten, Devils Lake, Lac Aux Mortes, Turtle Mountain, 
Carpenter Lake, Rock Lake, Pierce Co., Towner Co. 

24 North Dakota: Vicinity Bismarck. 

25 North Dakota: Vicinity Beach, vicinity Belfield, Sentinel 
Butte, vicinity Medora. 

Montana: Vicinity Wibaux, Intake. 

26 Montana: Terry, Miles City, Forsyth. 

27 Montana: Billings, Crow Agency, Lame Deer. 

28 Montana: Albion, Capitol. 

South Dakota: Vicinity Redig, vicinity Belle Fourche, 
Spearfish. 

29 South Dakota: Westport, vicinity Aberdeen, Sand Lake 
National Wildlife Refuge, Roy Lake State Park. 

30 South Dakota: Lake Agnew, vicinity Madison, Roswell. 

SL South Dakota: Vicinity Chamberlain, White Lake Park. 

Bi South Dakota: Vicinity Edgemont, vicinity Hot Springs. 

33 Wyoming: Vicinity Glendo, Wheatland, Muskrat Creek 


(Rawhide Butte), Uva, vicinity Douglas, vicinity Bill. 


Number 
$6 2 9 
28 16 
37 28 
18 6 
16 U 
16 Of 
16 6 
1102 6 
10 9 
8 
19 
17 18 
16 16 
16 15 
16 ll 
34 7 
33 6 
15 15 
DAT 14 
14 
22 21 
25 23 
27 Q1 
O11 26 
24 27 
20 16 
22 ily/ 
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TABLE 1.—List of Places from which Data on Specimens were Obtained 
and Analyzed.—( Concluded ) 
Locality Number 
Number Locality Description aa O90 
34 Nebraska: Vicinity Merriman, Kennedy, Hackberry Lake 19 16 
(Valentine National Wildlife Refuge). 
South Dakota: Martin. 


35 Nebraska: Vicinity NW of Dorchester. 16 11 
36 Iowa: Vicinity Lizard Lake (W of Fort Dodge). ile 13 
$7 Wisconsin: North Freedom, Endeavor, Ableman. 46 8 
38 Wisconsin: Ladoga, Beaver Dam. 58 
39 Wisconsin: Waunakee. 32 
40 Wisconsin: Vicinity Madison. 20 te} 
41 Wisconsin: Mud Lake (MacFarland), Lake Kegonsa. 26 


42 Illinois: Chicago, Bartlett, Elgin, Dundee, Fox Lake, 18 10 
Beach, Ravinia, Wolf Lake, Matteson, Calumet Lake, 
Worth, Waukegan, Winnetka, Highland Park, Riverdale, 
Joliet, Peotone, Auburn Park. 


43 Illinois: Vicinity S of Decatur, vicinity Sullivan. 18 11 
44 Missouri: Vicinity Rolla. 16 9 
45 Kansas: Vicinity Lawrence, Sunflower, Ottawa. 32 31 
46 Kansas: Glasco. 15 16 
47 Kansas: Vicinity E of Oberlin, Jennings, Norcatur, Ludell. 15 16 
48 Kansas: Vicinity W of St. Francis. 25 18 


Colorado: Vicinity N of Stratton, Idalia, Wray. 

49 Colorado: Vicinity Fort Collins, La Parte, Loveland, 18 9 
Larimer Co., Windsor, Valmont, Boulder. 

50 Colorado: Hazeltine, Brighton, Barr, Barr Lake, Golden, 21 20 
Clear Lake, Littleton, Fort Logan, Denver, Semper, 
Bennett, Castle Rock. 

51 Colorado: Vicinity Colorado Springs, vicinity between 22 17 
Pueblo and Fowler. 

52 Kansas: Vicinity NE of Liberal, vicinity N of Elkhart, 14 24 


Deerfield. 
23 Kansas: Aetna, vicinity Ashland, Sharon. 8 a 
54 Oklahoma: Vicinity W of Tulsa. 19 14 


Torat 1,172 679 


Statistical Methods 


In addition to basic statistics such as means and variances, statistical treat- 
ment employs linear regression and correlation analyses and multiple comparison 
analysis of variance (Gabriel, 1964). Multivariate analysis has employed ca- 
nonical variates analysis and factor analysis (Harman, 1960; Jolicoeur, 1959; 
Seal, 1966). These techniques are discussed in more detail where used beyond. 
In comparing the degrees of difference between adults and yearlings, and 
between males and females, a per cent difference (PD) is calculated. In 
comparing any two means the PD is the difference between the two values 
expressed as a per cent of the larger of the two. All calculations were carried 
out either on an IBM 7040 or a GE 625 computer at the University of Kansas. 
All univariate analyses were carried out with a program UNIVAR written by 
me. Canonical variates and factor analyses were carried out by programs in 
NT-SYS written by F. J. Rohlf. 
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Regression Analyses and the use of Isophanes 


In order to determine if all or part of the variation in a character is at- 
tributable to, or at least concordant with, variation in some environmental or 
geographical factor, a regression analysis of the character on some chosen 
measure is made. For example, a regression analysis over the study area might 
compare mean bill length at each locality to locality measures of, say, altitude, 
latitude, temperature, or mean monthly rainfall during the breeding season. If 
it is found that interlocality variation in the character is largely attributable 
(statistically) to interlocality variation in the environmental or geographical 
factor, then it is justifiable to investigate the possibility that interlocality 
character differences are in response (presumably evolutionarily) to variation 
in that factor or to some other factor which is reflected by the original measure. 

Trying to summarize as much environmental and geographical information 
as possible with a single measure led to the general use of isophanes in this 
study. Isophanes are based on the bioclimatic law of Hopkins, a scheme which 
describes the general retardation in plant growing seasons that occurs with in- 
crease in latitude, longitude, and altitude. Specifically, the law states (Hopkins, 
1938:9) that the growing season is retarded four days for each one degree of 
latitude, for every five degrees of longitude, and for every 400 feet rise in 
elevation from a given base. Isophanes for each locality (Fig. 2) were cal- 
culated by (i) adding 1.00 to the base 40.00 for each one degree north of 40° 
N latitude and —1.00 to the base for each degree south of 40°, (ii) adding 1.00 
to the base for every five degrees west of 100° W longitude and —1.00 for 
every five degrees east of 100°, and (iii) adding 0.25 to the base for every 
100 feet rise in elevation above sea level. In general, isophanes in the study 
area decrease from north to south and from west to east. 

Isophanes have been used as independent variables in regression analyses 
in studies of geographic variation by Johnston and Selander (1964), Packard 
(1967), and Thomas (1968). Clearly, other environmental measures may be 
used when more specific factors are of paritcular interest; a measure of the 
amount of rainfall has been used in the present study in a few specific cases 
(Big. 2). 

In regression analyses the proportion of the variation in the dependent vari- 
able Y (character) attributable to variation in the independent variable X 
(environmental or geographic measure) is calculated as the sum of squared 
deviations from the mean in Y after adjustment to X, divided by the total sum 
of squares of Y. A high proportion indicates that much of the variation in Y is 
“explained” by variation in X, and a low proportion indicates that variation in 
Y is relatively independent of variation in X. It should be noted that a 
statistically significant regression and a high proportion indicates a statistical 
relationship between the dependent and independent variables, but do not 
necessarily prove a causal relationship between the two variables. A causal 
relationship may be inferred by reasoning but is not inherent in the statistics. 
Only linear regressions were employed in this study as inspection of plots sug- 
gested that higher order regressions were unnecessary. Calculating procedures 
and appropriate tests of significance were taken from Steel and Torrie (1960). 
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. Isophane 
66.20 
63. 20 
64.50 
61.95 
60.70 
62.30 
58.65 
58. 20 
(Seal 
55.95 
55.60 
53 210 
550 
as Precipitation 
51. 40 in inches 
48.55 
46.40 20 
45.60 20 
47.50 18 
50 00 17 
49.90 14 
520 5 LS 
51.45 1b} 
54.55 10 
Doio, 10 
54. 85 10 
54.55 12 
48.35 16 
48.25 17 
46.80 16 
525915 14 
5.25 11 
50.05 12 
43.65 23 
44.05 22 
43.40 ae 
43.55 20 
43.15 21 
43 15 21 
43.15 21 
41.10 20 
39.05 22 
39.15 25 
40.00 25 
42.35 20 
46.35 16 
49.00 14 
54.10 10 
Bese TAs) 10 
53.90 10 
39.80 13 
ASRuD 17 
37.20 24 


Fic. 2. Calculated isophanes for all localities, and average inches of rainfall 
(April to September, inclusive; averaged from 1899 to 1932, U. S. Dept. Agric., 
1941) for all localities in the United States. 


CHRONOLOGICAL VARIATION 


Samples of specimens from many of the localities used in this 
study are chronologically heterogeneous while samples at certain 
other localities are more homogeneous, representing extensive col- 
lecting during the breeding season of single year. It was therefore 
necessary to determine if significant and systematic chronological 
variation exists within localities before geographic variation among 
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localities was studied. Chronological variation is detected simply 
as a significant change with time in the mean value of some char- 
acter at a particular locality, and may be accounted for by any or 
all of the following factors: (i) differential environmental modifica- 
tion of phenotypic expression, (ii) natural selection, or (iii) a shift 
in the distribution of breeding populations. In the case of color, 
time-dependent oxidation of melanic pigments may occur. Clearly, 
chronological variation cannot be tested between widely separated 
localities. However, with a sample from a single locality represented 
by numbers of both old and recently collected specimens, tests for 
intralocality chronological variation can be made. 

Localities represented by samples containing two or more sub- 
groups that were collected several years apart allowed series of 
intralocality comparisons to be made for each character. Analysis 
of variance for chronological variation was carried out with adult 
specimens only. Separate tests were made on males from fourteen 
localities (Locs. 6-9, 25-27, 29-31, 33, 38, 45, 51) for all male char- 
acters except heart and body weights. Specimens for each locality 
were separated into two time classes (three in the case of Loc. 45) 
which conveniently allowed testing; the minimum time span separat- 
ing these classes was thirteen years and the maximum was sixty 
years. Except for six samples which consistantly compared 1949 
(old) with 1965-66 (new) specimens (Locs. 25, 29-31, 33, 45) the 
terms “old” and “new” are not temporally comparable among lo- 
calities. The exact years of the time classes and the number of 
specimens contributing to each class for every locality, and the 
calculated F values and degrees of freedom for 244 comparisons 
would be too cumbersome to present here. Instead, the pertinent 
points will be discussed. 

For most characters other than female color there were only a few 
instances in which there was danger of biasing sample means and 
variances by including older with more recently collected specimens. 
The tests brought to light certain situations which if unnoticed 
would have resulted in erroneous conclusions regarding variation 
among localities. 

Four of the fourteen localities tested for bill length in males 
showed significant (P < .05) differences between the means of old 
and new specimens (Table 2). There were no significant differences 
with samples of females. No systematic trends (e. g., old specimens 
consistently larger than new specimens) are seen in the differences 
with males, nor are there such trends in other localities with non- 
significant F values. Since sample sizes are small and only a few 
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TABLE 2.—Significant Chronological Comparisons of Bill Length in Males.* 


Loe. no. Year (n) Mean (mm.) F 
TAs, SRO EE COT ot 1949 (11) 24.34 
6.36* 
1965 (4) 22.63 
fein. avers eae pane 1901-03 (6) 22.50 
452% 
1952 (56) 23.33 
AS Hepes let 2a) Gt 1947-48 (2), 1949 (5) 24.06 
50).64*** 
1966 (4) 26.48 
Aaa eee 1906 (2), 1909-10 (5), 
1912-13 (2), 1919-20 (4) 23.39 
47 .41*** 
1966 (4) 26.48 
La) ee Nate ea ene 1988 (5) 22222, 
7.04* 
1966 (15) 23.04 


a. In all tables that list F values, * means .01<P<.05, ** means .005< P<.01, 
and *®* means P < .005. 


localities showed significant differences, these differences have been 
ignored in later analyses, with the exception of Loc. 45 (vicinity of 
Lawrence, Kansas). In Lawrence birds taken on 14 May 1966 bills 
averaged 2.4 mm longer than 1947-49 specimens and 3.1 mm longer 
than 1906-20 specimens. Although there were only four 1966 birds 
the difference is highly significant. The difference between 1906-20 
and 1947-49 birds is not significant. The 1966 Lawrence sample also 
showed longer wings than the 1947-49 specimens (Table 4) and a 
smaller bill height than the 1906-20 sample. It will take a larger 
sample to confirm that males currently breeding in the Lawrence 
area have on the average longer, thinner bills and longer wings than 
birds breeding there several years ago. In the meantime it was 
thought best to delete the 1966 specimens from later analyses. No 
females were taken in the Lawrence area in 1966 so it is not known 
if they would show differences similar to those in males. 

Significant chronological differences in the mean height of the 
bill were found at Loc. 8 (old = 12.74 mm, new = 12.23 mm; 
001 < P < .01) and Loc. 45 (old = 12.12 mm, new = 11.53 mm; 
001 <P<.01) for males and at Loc. 25 (old= 10.04 mm; 
new = 10.70 mm; P < .001) for females. In addition, at three lo- 
calities in South Dakota (Locs. 29, 30, 31), bill height was signif- 
icantly larger in specimens obtained in 1965 than in specimens ob- 
tained in 1949 (both sexes). The difference in means was 
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consistently about 0.5 mm. The differences at the South Dakota 
localities are not due to any biologically mediated alteration, but to 
the fact that the collector of the 1965 specimens failed to tie the bills 
closed at the time of preparation. Before measurements were taken 
these specimens were softened around the head with water and the 
bills subsequently tied, but it appears that this did not duplicate the 
usual procedure of tying the bills during preparation. Thus, all 
1965 specimens from these three localities were ignored in later 
comparisons involving bill height. 

Two out of fourteen samples of males, and two of ten samples of 
females showed significant differences in the mean width of the lower 
bill (Table 3). These differences are small and have been ignored 


TABLE 3.—Significant Chronological Comparisons of Width of the Lower 


Mandible. 
Loe. no. Year (n) Mean (mm.) F 
Males 

Sree eter 1909 (3), 1989 (5) 10.60 
4.85* 

1966 (16) 10.19 

BOR ee coat e 1949 (15) 9.75 
6.62* 

1965 (6) 10.17 

Females 

ee on 1906 (4) 8.38 
12.45* 

1938-39 (2), 1948 (1), 8.85 

1956 (1) 

Oe ae eter. Ae 1932 (8) 8.74 
4.64* 

1951 (14) 8.92 


in later analyses. No significant differences were found with any of 
the samples tested for width of the upper bill or length of the tarsus. 
Likewise, with tail and wing lengths there was an insignificant 
number of cases with statistically meaningful differences. Mean tail 
length in a sample of males from Regina, Saskatchewan (Loc. 9), 
was greater in older specimens than in new ones (95.5 vs. 91.8 mm.; 
01 < P < .05) but this may be due in part to feather wear, as the 
older birds were collected in May while the newer ones were taken 
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in July. Mean tail length in a sample of females from South Dakota 
(Loc. 31) was significantly greater in old specimens (74.6 vs. 71.4 
mm.; P < .001), but this too may be due in part to wear as the old 
specimens were collected in June and the new ones in July. Wing 
length as measured to the longest primary feather showed dif- 
ferences in two samples of males (Table 4). One of these (Loc. 
45), as discussed above, showed differences in other characters, and 
consequently the recent birds were omitted from later analyses. 
Only one female sample (Loc. 18) showed a significant difference 
in wing length as measured to the first secondary feather (Table 4). 


TABLE 4.—Significant Chronological Comparisons of Wing Length. 


Loc. no. Year (n) Mean (mm.) F 


Wing length to primary (males) 


1 in ee 1916 (6) 126.7 
4.64* 

1966 (15) 129.3 

Ce ee eee 1947-48 (2), 1949 (5) 120.4 
6.38* 

1966 (4) 124.3 

Wing length to secondary (females) 

ho Re ee eee eee 1918-19 (5) 77.0 
5.19* 

1966 (10) 75.7 


Several cases of chronological variation were found in color char- 
acters. Differences in ventral and dorsal color of females (Table 5) 
are attributed to post-mortem oxidation of melanic pigments; faded 
specimens, being more reddish, would rate lower and thus lighter 
on the standard color series. Four of five localities that showed 
significant differences (Locs. 18, 25, 27, 29) rated older specimens as 
lighter, while one (Loc. 45) showed no significant difference for 
ventral color, but rated dorsal color of the older specimens as darker. 
Most, but not all, of the remaining non-significant cases rated recent 
birds as darker. Plotted graphically the significant data on female 
color suggest that the rate of post-mortem color change is greatest 
in the first 20 years after preparation of the specimen and tapers off 
beyond that time (Fig. 3). Specimens collected prior to 1949 were 
omitted from later analyses involving color. The cut-off point of 
1949 was chosen because many geographic comparisons involve both 
samples composed entirely of 1949 specimens and samples of en- 
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TABLE 5.—Significant Chronological Comparisons of Color in Females. 


Ventral color Dorsal color 
Loc. no. Year (7) 
Mean F Mean F 
1 USS ie ay es 1918-19 (5) 3.80 3.80 
NE ite 30.84*** 
1966 (10) 4.90 4.90 
Dae ane 1949 (7) 3.14 3.00 
2 OO pee 115204* 
1965 (3) 4.67 A335 
1 Cae, ee 1916 (3) 2.67 PR BB} 
8.84* 16.84*** 
1966 (11) 4.36 4.00 
DOM ee. 1949 (12) 3.08 3.09 
66 .68*** US EP ee 
1965 (5) 5.00 4.60 
1 ae ek ee 1906 (4), 1909- 
10 (6) 3.67 2.22 n.s.| 4.00 
6y12* 
1949 (9) Sold (P= 18) 3.00 


@ VENTRAL 
© DORSAL 


(score) 


COLOR OF FEMALES 


I910 1920 1930 940 1950 1960 
YEAR OF COLLECTION 


Fic. 3. Graphic representation of data in Table 5 showing change of color of 
females with time. The line is fitted by eye. 


tirely more recent specimens; chronological heterogeneity among 
localities should not be different from that within them. Color 
changes often seem to be relatively great between samples obtained 
in 1949 and samples collected in 1965-66; therefore, patterns of 
geographic variation of color of females can be interpreted only 


GEOGRAPHIC VARIATION OF RED-WINGED BLACKBIRDS 17, 


generally and much less satisfactorily than is desired (original 
descriptions of subspecies often refer to female color as a distin- 
guishing racial character [Oberholser, 1907; Behle, 1940; Howell 
and van Rossem, 1928] ). 

In a number of samples male epaulet color was variable chrono- 
logically (Table 6). No trends are seen in these differences as 


TABLE 6.—Significant Chronological Comparisons of Epaulet Color in Males. 


Loc. no. Year (n) Mean F 
he BAS Se BE ease 1906-07 (20) 4.00 
10° 825** 
1938-39 (3), 1945 (1), 3.19 
1948 (9), 1956 (3) 
Serene eee: 1903 (3), 1939 (5) 3.63 
Or 1Ze** 
1966 (16) 2.69 
741) ae TENE eens ee 1949 (15) 2.33 
4.88* 
1962 (2), 1965 (9) 3.27 
iit erat parisiatennenn er? 1949 (15) 2.67 
° 5.19* 
1965 (9) 3.57 
Sores: 15? IC. 2 1949 (4) 3.75 
4.87* 
1966 (10) 2.80 


would have been expected with post-mortem color change. The 
differences may be due to differences in the care of specimens or to 
the accumulation of arsenic powder or dust on the feathers, even 
though I attempted to avoid such variation by lightly swabbing each 
epaulet with cotton saturated with lead-free gasoline, and then air- 
drying the feathers before recording color values. 

There is no doubt that tests for chronological variation should 
receive more attention than they have in the past, especially in view 
of recent work on rapid rates of evolution in colonizing species 
such as the House Sparrow (Passer domesticus) in North America 
(Johnston and Selander, 1964), and in the rabbit (Oryctolagus 
cuniculus) in eastern Australia (Stodart, 1965; and others in recent 
issues of CSIRO Wildlife Research). (Also of interest in this regard 
is Miller, 1956, and Guthrie, 1965. ) 


2—4331 
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DIFFERENCES DUE TO AGE 


Age Determination 


Samples from most localities contained both adult and first-year 
birds. Since cranial ossification in Red-winged Blackbirds is com- 
plete by the time of the first breeding season, plumage characters 
must be used in age determination. These are generally reliable, 
especially in males (Dwight, 1900; Selander and Giller, 1960; and 
Wright and Wright, 1944). First-year, or subadult, males were sep- 
arated from adults on the basis of the following characters: (i) 
epaulet color ranges from yellow to orange-red in yearlings, whereas 
that in adults ranges from orange-red to red; (ii) epaulet feathers 
with subterminal bars or spots of black occur in yearlings, whereas 
such markings are absent in the epaulets of adults: (iii) greater 
frequency of brown edges on contour feathers in yearlings, whereas 
in adults the brown edges of the fall plumage are usually completely 
worn off by the time of breeding; and (iv) distal half of wing and 
tail feathers less black or more brownish in yearlings than in adults 
(reduced melanin deposition? ). 

Age determination in females is decidedly more difficult than in 
males. The plumage of subadult females resembles that of adults. 
However, as noted by Dwight (1900), and later tested by Selander 
and Giller (1960), most subadult females lack red on the epaulet 
or are only faintly tinged with yellow, orange, or red, whereas with 
most adults the red is more intense and covers from about half to 
all of the epaulet area. There is a considerable range of variation in 
yearling females; for example, nine of the forty-seven subadult 
specimens examined by Selander and Giller (1960) fell into two 
“adult” color categories. Since Selander and Giller used autumn 
specimens, yearlings were separable from adults on the basis of the 
degree of cranial ossification. An attempt to establish a two-state 
system based on a character that ranges from absent to conspicuous 
is difficult when the two classes overlap. The females were therefore 
separated into subadult and adult classes according to the absence 
or presence, respectively, of red or orange on the epaulet as a best 
approximation. 


Intralocality Comparisons 


The second set of intralocality comparisons was of adult and 
subadult birds. Samples were lumped as to time of collecting, ex- 
cepting those that warranted chronological separation or exclusion 
of some specimens as indicated by the results of tests for chrono- 
logical variation. Statistical comparison of subadult with adult 
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specimens was by separate one-way analyses of variance. Com- 
parison in males involved twenty localities (Locs. 4, 5, 7-9, 11-13, 
15, 23, 26, 34, 37, 40, 45, 46, 48-50, 54) and in females involved 
twenty-four localities (Locs. 1, 3, 5-8, 19, 20, 22, 24, 27, 29-34, 37, 
44, 45, 47, 50, 52, 53). Only the pertinent results of these analyses 
will be discussed as presentation in table form of over 430 F-tests 
would be cumbersome. 

Bill length. Considering bill length in males (Table 7), four sam- 
ples (Locs. 4, 12, 37, 49) out of twenty showed statistically signifi- 


TABLE 7.—Comparisons of Adults and Yearlings, Bill Length in Males. 


Loe. no. epee eas eae ie . PD F 
4 24.67 (32) 23.86 (9) 3.3 5.05* 
5 24.04 (7) 23.40 (3) 7a 6 1.73 
ibis cade a Sys 23.56 (36) 22.84 (5) 3.0 2.24 
8 24.33 (17) 23.95 (4) 1.6 0.38 
9 24.17 (30) 23.98 (5) 0.8 0.32 
1D Carano eee 24.88 (8) 24.20 (5) 2.7 0.45 
i2et th Cetin als e409 7(9) 22.43 (3) 6.9 6.19* 
I a 23.73 (10) 22.98 (4) 3.2 2.01 
Lae eae 24.93 (3) 24.12 (5) 3.3 2.74 
DO Kea eIRe AN. 23.45 (22) 23.01 (9) 1.9 1.46 
ZO ee 23.55 (10) 22.63 (3) 3.9 1.61 
Co les 23.38 (15) 23.35 (4) On 0.01 
CT Rea enee one ee 23.93 (39) 22.70 (4) 5.2 6.04** 
AQ rhs Sek: 23.01 (14) 22.47 (6) 2.3 2.73 
LA eee ines 23.51 (25) 23.00 (3) 2.2 0.91 
AO ca ist 23.19 (12) 23.00 (3) 0.8 0.10 
2 ee 23.09 (18) 22.47 (7) 27 1.88 
2 i ie ae era 23.18 (10) 21.84 (7) 5.8 C00" 
LL ese ree 22.36 (16) 21.75 (4) 2.7 2.01 
BAe fekctea <u i’ 23.95 (13) 23.35 (6) 2.5 2.53 


a, Sample size in parentheses. 


>, PD is per cent difference and is the difference between adult and yearling means 
expressed as a per cent of the adult mean. 
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cant differences (P < .05) between adults and subadults. In these 
four cases and in the remaining sixteen non-significant tests, adult 
birds had larger mean bill lengths than subadults. Because of the 
consistency of this trend subadult males were omitted from later 
analyses involving bill length. The range of per cent difference 
(PD) between subadults and adults was 0.1 to 6.9, and the mean 
PD weighted according to sample size was 2.8 per cent. The abso- 
lute differences ranged from 0.03 to 1.66 mm with a weighted mean 
of 0.67 mm. There were no systematic geographic trends of PD 
of male bill length over the study area, and a regression of PD on 
isophane was not significant (less than 2 per cent of the variation in 
bill length was attributable to variation in isophane). Bill lengths 
of adults and subadults were positively correlated in their distribu- 
tion over central North America (r = .74; P < .01). 

In females age variation of bill length does not parallel that of 
males. Only one sample (Loc. 31) showed a significant difference 
between adults and subadults. A total of sixteen of twenty-four 
samples tested were such that adult birds had longer bills, but 
many of these differences were minute. A sign test was applied to 
test the null hypothesis that the number of locality samples with 
adults averaging longer bills and the number with yearlings aver- 
aging longer bills occur with equal frequency. The results were 
non-significant, indicating no separation of age classes was nec- 
essary. 

In another icterid, the Boat-tailed Grackle (Quiscalus [Cassidix] 
mexicanus ), bill length averages slightly less in subadult birds than 
in adults (Selander, 1958). 

Bill height and width. Bill measurements other than length 
showed no meaningful age differences. There were no significant 
differences in bill height and lower bill width in males, and the 
number of samples with adult birds larger was roughly half of the 
total in both characters. Two samples of males (Locs. 15 and 50) 
had significant age differences in upper bill width, with older birds 
being larger. However, of all samples tested only about half showed 
adults that were larger. For females, bill height had one sample 
with a significant difference, (Loc. 19), lower bill width had two 
(Locs. 5 and 6), and upper bill width had no significant samples. 
For these characters female adults were larger than yearlings in 
roughly half of the samples. No separation of age classes is war- 
ranted for any of these characters. 

Tarsus length. Tarsus length appeared as a relatively variable 
character in these tests. Significant differences between male year- 
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lings and adults were found in four samples; adults were larger in 
two cases (Locs. 11 and 54), while subadults were larger in the 
others (Locs. 5 and 15). Of the remaining sixteen non-significant 
samples, half had adults averaging longer tarsi. Similarly, in fe- 
males, significant differences occurred in two samples (Locs. 22 and 
47), but only in the first did adults average longer. Of the remaining 
twenty-two non-significant samples adult females averaged larger 
than subadults in nine. The above results as well as sign tests 
applied to these indicate that no separation of age classes is war- 
ranted. 

Wing and tail measurements. Differences due to age were seen 
consistently in feather measurements (Tables 8-13). In both males 
and females, adults were larger than subadults in tail length, wing 
length to the longest primary feather (except for the female sam- 
ples of Locs. 52 and 53), and wing length to the first secondary 
feather. In males, statistically significant differences were seen in 
length of the tail, wing length to the primary, and wing length to 
the secondary in eighteen, twenty, and seventeen samples respec- 
tively, while in females significant differences occurred in seventeen, 
twelve, and ten samples, respectively. 

To determine if the degree of difference in feather measurements 
between adults and subadults exhibits meaningful patterns of geo- 
graphic variation, the per cent difference (PD) was calculated for 
each locality and plotted on maps. In addition, linear regression 
analyses of PD on isophane were made. Visual inspection of the 
map-plots showed no major trends or obvious patterns of geographic 
variation of PD. The distribution of high and low per cent differ- 
ences appeared random. The results of the regression analyses also 
indicated that variation of PD does not follow variation in isophane. 
In no case was the proportion of PD sums of squares attributable to 
variation in isophane greater than .012. 

Also calculated for feather measurements were (i) product- 
moment correlation coefficients (7) of adult sample means with 
first-year sample means and (ii) grand means of per cent difference 
(PD) and absolute difference (AD) of adult and first-year sample 
means (Table 14). In all cases the correlation coefficients were posi- 
tive and, except for tail length in males, all were significantly dif- 
ferent from zero. The degrees of correlation in feather measurements 
between adult males and subadult males indicate that geographic 
variation in the two age classes is roughly parallel, although there 
is certainly not a one-to-one relationship. The variation in the dif- 
ferences between age classes is attributable particularly to indi- 
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vidual variation in subadult birds. The date of fledging as well as 
nutritional factors during the time of the complete postjuvenal molt 
could affect the rate of growth and the ultimate length of the flight 
feathers. Thus, the general positive trend in correlation seems to 
indicate that the same selective forces are operating on the length 
of flight feathers in both age classes, but the moderate values of r 
suggest that age and growth factors or environmental factors or both 
may well impose an amount of local variation. In females correla- 
tion coefficients between adults and yearlings are higher than in 


TABLE 8.—Comparisons of Adults and Yearlings, Wing Length to the Longest 
Primary Feather in Males. 


Loe. no. tapas ee PD P 

Ae ee ly Ob G (3s) 121.6 (9) 3.2 19.01*** 
jee ae eels eel 2686807) 121.0 (4) 4.4 21.09*** 
Tee eal! A 2bu a COS) 119.8 (5) 4.7 15.19*** 
Be cites eese ee 125.7 (24) 119.5 (4) 4.9 30.15*** 
iit 8 ano 124.2 (30) 120.7 (6) 2.8 0:94*+* 
11 124.0 (11) 119.8 (5) 3.4 7.95* 

12 125.4 (12) 119.8 (4) 4.5 9.52** 

13 121.6 (11) 118.4 (5) 27 15.88*** 
15a eee PM EIZBLO UE) 119.8 (6) 4.9 13/82** 

23 124.7 (24) 120.0 (9) 3.8 17.24*** 
26 125.5 (11) INT 1) 6.3 7.59* 

34 124.6 (15) 118.5 (4) 4.9 29.12*** 
Shwe eres Hl Tele onI (40) 11972 (5) 3.2 O°G8*** 
AY sspeq testy el op LES. Lala) 118.7 (6) 3.6 1S 740 ne 
45 121.9 (29) 115.0 (3) ier 12.90*** 
46 123.6 (12) 1ISey (3) 4.0 6.20* 

48 126.6 (18) 119.1 .(7) 5.9 43. 84*** 
49 129.2 (11) 1207-7) 6.6 a4 30%* 
BOSE Coe eel | 129.4 (16) 123.4 (5) 4.7 14.10*** 
54 | 12120 (13) 114.7 (6) 5.2 24. 57*** 
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TABLE 9.—Comparisons of Adults and Yearlings, Wing Length to the Longest 
Primary Feather in Females. 


Loe. no. Pit) eee flee F 

| Lorde > ee 103.8 (10) 101.3 (3) 2.4 4.625" 
Seles cists tee 105.0 (19) 101.3 (4) 3.6 PAB 3 
oe ade. 103.4 (8) 100.0 (3) 3.3 14.09%2° 
OPS ae es: 103.5 (8) 101.8 (8) Dai, 5.12* 
pcan eee 103.3 (8) 101.4 (5) 1.8 1.91 
(Ske i cee 103.3 (8) 101.8 (8) 1.5 4.34 
CS oe, Eee 101.9 (11) 99.0 (5) 2.9 4.12 
7 pyr 99.8 (11) 95.3 (4) 4.6 HSS 
22 103.5 (4) 100.0 (3) 3.4 3.89 
24 100.4 (5) 98.9 (10) 1.5 1.48 
27 103.9 (14) 102.6 (7) 1.3 3.83 
29 101.0 (17) 98.3 (4) 2.7 5.36* 
3. ae res ars 100.3 (23) 98.3 (3) 2.0 2.96 
31 101.5 (20) 98.7 (7) 2.7 9.28** 
32 103.5 (11) 102.8 (5) 0.6 0.81 
33 104.7 (11) 101.0 (6) 3.6 1187755 
34 101.5 (10) 98.8 (6) 2.6 5.54* 
37 101.2 (5) 98.0 (3) 3.2 9.00* 
44 98.8 (6) 96.3 (3) 2.5 1.58 
45 99.4 (25) 95.5 (6) 4.0 LO; 10s 
47 100.7 (10) 99.3 (6) 1.4 2.16 

BO Ren Pare Ot 10621((17) 103.0 (3) 2.9 4.66* 
LV ARSE eee 102.0 (4) 103.0 (3) 1.0 2.14 
Bates ay Rice: 101.2 (5) 101.3 (3) O.1 0.01 


males. As with males a nearly one-to-one relationship is not ob- 
tained, suggesting at least a partial effect of age and growth or en- 
vironmental factors. 

It is interesting that the per cent (PD) and absolute differences 
(AD) as averaged over several localities (and weighted according 
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TABLE 10.—Comparisons of Adults and Yearlings, Wing Length to the First 
Secondary Feather in Males. 


Loc. no ee Pst ED F 

thee | CCN 95.8 (33) 92.2 (9) 3.8 20: 20*** 
5 97.4 (7) 92.8 (4) 4.8 20 1Gee= 
7 95.5 (38) 91.2 (5) 4.5 14.54*** 
Seretoaden alts 95.9 (24) 90.0 (4) 6.1 23 .92*** 
9 95.4 (31) 91.0 (6) 4.6 23 .29*** 
1 94.4 (11) 90.6 (5) 4.0 6.21* 

12 95.3 (12) 91.5 (4) 3.9 4.01 

13 92.3 (11) 90.0 (5) 2.5 8.23** 
Vee Meters ool: 96.8 (4) 90.7 (6) 6.3 livswonte 
DBsigtenct dacs ccteu 94.8 (24) 90.1 (8) 4.9 22.05" 
26 96.1 (11) 89.3 (3) 7.0 0.557% 
34 96.5 (15) 89.3 (4) 7.5 40.83*** 
37.. 93.7 (41) 89.2 (5) 4.8 2p:a0° 
40... 93.9 (14) 88.7 (6) 5.5 SLL tte 
45 93.8 (29) 87.0 (3) dee 28.37*** 
46 95.4 (12) 94.3 (3) i 1.09 

48 97.9 (18) 90.6 (7) 0.5 58. 84*** 
cA! id | Le eee 99.5 (10) 92.1 (7) 7.4 34.34*** 
50 99.7 (16) 93.8 (5) 5.9 16.92 "5% 
a ee ae 93.5 (18) 88.2 (6) ey) 1S511**4 


to sample size) for all feather characters are lower in females than 
in males (Table 14). The differences between males and females 
in the grand means of PD and AD are highly significant (P < .005). 
Thus, geographic variation in first-year females more closely approx- 
imates that of the adults than is the case in males, and first-year 
females are more similar to adult females at each locality than are 
first-year males to adult males. It is known that Red-winged Black- 
birds are polygynous and that females breed in their first year but 
that males do not (Nero, 1956; Orians, 1961). It is possible that the 
greater difference between age classes and the retarded maturation 
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in males, coupled with postponement in time of first breeding, is a 
consequence of polygyny. There is a low probability of a young 
male obtaining mates in competition with older, more experienced 
males, and males which postpone first breeding until the second 


TABLE 11.—Comparisons of Adults and Yearlings, Wing Length to the First 
Secondary Feather in Females. 


Hoe-sn0 eas Riess ) PD F 
ie ieoker een 79.3 (10) 78.3 (3) 122 0.43 
SECO 80.1 (19) 76.3 (4) 4.8 2229089 
aa Seo eete 78.8 (8) 77.0 (3) 2.2 3.08 
ero Ohara 3, 21 78.4 (7) 77.5 (8) 22 1.51 
Meee phos 78.4 (8) 76.2 (5) 2.8 5.22* 
Beye nests 78.8 (8) 76.8 (8) 2.5 6 .05* 
1 Se Ree 76.8 (11) 75.4 (5) 1.8 2.63 
72.4) Ar ae 76.4 (11) 72.3 (4) 5.4 they 
eam ae Bo, 78.3 (4) 75.0 (3) 4.2 3.15 
7a, VN eRe 77.0 (5) 75.5 (10) 129 1.56 
76 (CO ae 79.0 (14) 1520 (7) 1.3 2.02 
7) ee ae 1629 (17) 75.5 (4) 1.8 3.38 
rigs hie ine 76.7 (23) 74.7 (3) 2.6 5.99* 
3 Eee eee 78.0 (20) 75.6 (7) 3.1 157s 
2 Ale oe oc: (CL) 79.2 (5) 0.3 0.12 
33 79.8 (11) C20) 3.3 13 344°7> 
Ch ACen See 77.9 (10) 75.8 (6) 2.7 4.90* 
2G eee 1136%(5) 75.0 (3) 3.4 8.30* 
44.. 76.3 (6) 73.0 (3) 4.4 2.71 
Jee eee 76.5 (25) 73.8 (6) 3.5 12 .43*** 
cl ee 77.6 (10) 76.7 (6) 1.2 2.32 
SUC D Sa 81.1 (17) 79.0 (3) | 2.5 3.82 
THO ae ee 80.0 (4) 79.7 (3) 0.4 0.36 
52) 5) eee 78.6 (5) 77.3 (3) 1.6 0.43 
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TABLE 12.—Comparisons of Adults and Yearlings, Tail Length in Males. 


Loe. no. ey 
Dee ee 93.1 (31) 
5 94.3 (7) 
7 92.5 (35) 
eu As ae Saas 92.4 (22) 
9 92.6 (29) 

|) ee 92.2 (11) 
Meee stoa,'s Grane 91.8 (9) 

aera seeks. ns 89.3 (11) 
A eee ate ope 3 90.5 (4) 

ee er 91.8 (22) 
7 | ar ee 93.1 (9) 

5 eae 94.4 (14) 
Sie Senne 90.9 (40) 
40.. 91.4 (13) 
AD aes Daca eey: 91.8 (25) 
46 92.6 (11) 
48 eae 94.6 (14) 
49 97.6 (10) 
Oe n arrest 96.1 (16) 
BA, Senter 91.3 (13) 


Yearling 
means (mm.) 
88.2 (9) 
85.0 (3) 
87.0 (5) 
87.0 (3) 
86.5 (6) 
86.0 (5) 
86.5 (4) 
86.8 (4) 
85.0 (6) 
85.0 (9) 
86.0 (3) 
85.3 (4) 
86.8 (5) 
85.8 (6) 
83.0 (3) 
89.5 (2) 
85.2 (6) 
86.7 (6) 
90.5 (4) 
82.3 (6) 
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year may ultimately produce a larger number of offspring (Selander, 


1965). 


Since geographic variation in subadults is expected to follow gen- 
erally that of adults a separate series of interlocality comparisons 
was not warranted. In addition, sample sizes of yearlings were too 
small for this kind of comparison. In order to reduce intrasample 
heterogeneity, subadult birds are not included in later comparisons 
involving tail length, wing length to the primary, and wing length 


to the secondary. 


Selander and Giller (1960) noted in male Red-wings from Texas 
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that wing length (to the primary) and tail length average shorter 
in subadult than in adult specimens. No significant differences were 
found between subadult and adult females (with a sample size of 
59). Mean wing length in fifty-four subadult males was 113.7 mm 
versus 118.0 mm in seven adults. These give a PD of 3.6 and AD 


TABLE 13.—Comparisons of Adults and Yearlings, Tail Length in Females. 


Adult Yearling PD 


Loc. no means (mm.) | means (mm.) PF 

Ae cbacasree 76.2 (10) 72.7 (3) 4.6 4.78* 
Sa OE pee ae 77.5 (19) 71.3 (3) 8.0 19:60*** 
Ly hed rare ae 74.6 (8) 72.3 (3) 3.1 6 .23* 
Ghia: 74.4 (7) 74.0 (6) 0.6 0.12 
Ui Sicn ra! 75.6 (7) 70.6 (5) 6.6 132622" 
ob SOE BAY dant Ct) (L(G) 2.8 TAS% 
MONS steph sire ar 75.0 (11) 71.0 (5) 5.3 Dede 
Peres en 73.2 (11) 67.5 (4) 7.8 a 
Oo ee eee 74.8 (4) (Lae (3) 4.1 3.80 
DATA oh ise S 73.0 (4) 70.8 (9) 3.0 2.61 
Niet ena had Ph 75.9 (10) 72.8 (5) 4.1 6.54* 
ORR NC a a ass: 73.7 (14) 70.3 (3) 4.6 4.95* 
MO ee gio gs he 73.2 (22) 68.7 (3) 6.2 O783t** 
Sa eee ae 72.9 (17) 70.8 (6) 2.9 3.64 
Dome ee et 75.0 (8) 1123) (6) 4.3 16667" 
33 76.8 (9) 72.5 (2) 5.6 (08s 
34.. 74.6 (8) 70.8 (5) dae 11,560%* 
Ol. 3. 75.6 (5) 70.5 (2) 6.7 13.56* 
44 72.8 (6) 69.7 (3) 4.3 107 

45 72.8 (19) 69.0 (4) 5.2 5.32* 
47 74.1 (8) 70.0 (4) 5.6 1. 102* 
50 79.4 (15) 75.7 (3) 4.7 5.67* 
52 76.7 (3) 75.5 (2) 1.6 0.95 

53 74.0 (5) 71.7 (3) 3.2 2.00 
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TABLE 14.—Product-moment Correlation Coefficients of Adults with Yearlings 
and Grand Means of Per Cent Difference (PD) and Absolute Difference 
(AD, in mm) between Adults and Yearlings. 


Males Females 
r 1240) AD r PD AD 
Marliensths. sees. .3l 6.8 6.3 om 4.8 3.6 
Wing length (primary)| .76** 4.3 5.4 .82** 2.6 2.6 
Wing length 
(secondary)...... .60** 5.2 5.0 FOO 2.6 2.0 


sae Dede LOU 


of 4.3 mm, which are slightly less than the over-all averages I 
obtained. 


Color. As shown above, the amount of time a female Red-winged 
Blackbird has been housed in a museum affects its rating on a color 
index. Older females appear lighter due at least to oxidation of the 
melanin in the feathers. Although many of the older specimens 
were deleted from the comparisons of age classes, there remained 
an undetermined amount of variation which precluded really mean- 
ingful comparison of color differences between adult and yearling 
females. In ventral color one sample (Loc. 27) of the twenty-four 
tested showed a significant difference (P < .05) between adults 
and yearlings, and in this case the adults were darker. Of the re- 
maining twenty-three nonsignificant comparisons seventeen showed 
the adults to be darker. A sign test indicates this is not a significant 
departure from equality (.05 < P< .10). In dorsal color six sam- 
ples showed significant differences (Locs. 3, 24, 27, 30, 31, 33), and 
of these the adults averaged darker in five. Of the remaining eigh- 
teen nonsignificant samples the adults were darker in a total of 
fifteen, which, combined with the significant comparisons, is a sig- 
nificant departure from equality. Colors of adults and yearlings tend 
to be positively correlated over the study area, but this relationship 
is not strong. For ventral color r is .59, and for dorsal color r is .52; 
both are significant. Although a trend is suggested in which year- 
lings are paler than adults, considerable variation exists among 
localities, and I chose to retain yearling females in later comparisons 
involving color. 

Heart and body weights. Data were available for heart and body 
weights from only a few localities. No differences were found be- 
tween adults and subadults in these characters. 
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Summary. In consequence of the above results, subadult birds 
were not included with adults in analyzing geographic variation for 
bill length in males, and tail length, wing length to the longest 
primary, and wing length to the first secondary feather in both sexes. 


UNIVARIATE ANALYSIS OF GEOGRAPHIC VARIATION 


Procedures 


Patterns of geographic variation are here investigated by tests of 
significance and non-significance of differences among means of lo- 
cality samples. Among the several statistical methods used in the 
comparisons of means the t-test serves well in the comparison of 
any two samples. If n localities are sampled, n(n—1)/2 com- 
parisons between pairs of means can be made for each age and sex 
class. Modified Dice-Leraas graphs usually allow adequate graphic 
comparison of samples, but for multiple comparisons the method is 
statistically inappropriate. In addition, Dice-Leraas graphs are 
perhaps best applied in comparisons along a linear gradient, such as 
ambient temperature, or comparisons which are one-dimensional, 
such as a clinal transect or along a coast line. A thorough review by 
Sokal (1965) is recommended for readers interested in statistical 
techniques in systematics. 

A variety of “multiple comparison tests” exists for a posteriori 
comparisons in analysis of variance. Generally, multiple comparison 
tests are used to detect significantly different subsets of samples 
within the total collections of samples. Tukey’s, Duncan’s multiple 
range, and the Student-Newman-Keuls (SNK) tests are probably 
the best known. Descriptions of these tests may be found in Steel 
and Torrie (1960). Sokal and Rinkel (1963) and Sokal and Thomas 
(1965) have used the SNK test in analysis of geographic variation. 
The multiple comparison test used here is Gabriel’s (1964) Sums of 
Squares Simultaneous Test Procedure (STP). The Application of 
this method to analysis of geographic variation is discussed in detail 
by Gabriel and Sokal (1969). For each character this test was ap- 
plied after an over-all analysis of variance revealed that significant 
differences existed among the means. 

One advantageous property of STP is that of transitivity, which 
provides that no samples or groups of samples can be judged hetero- 
geneous (significantly different) if they lie within a subset of homo- 
geneous (non-significant) samples. The STP method uses a single 
“experiment-wise” error rate. A single variance (the pooled, within- 
group mean square in an over-all analysis of variance, MS) serves 
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for the determination of maximal non-significant subsets. Each sub- 
set O of some or all of the k means is judged non-significant if 


Bsa MS kT) eer 


where SSq is the sum of squares of the subset Q, MS is defined 
above, and F is the critical value of the F distribution at the desired 
probability level a (.05 was employed in this study) with k—1 
and N —k degrees of freedom where 


k 
N= > (n,x—1). 
i=l 


The sums of squares of a subset containing say m samples is given as 


where S; and n; are the sum and sample size, respectively, of the 
ith sample. In the present analysis samples were ranked in decreas- 
ing order of the magnitude of their means, and sums of squares are 
calculated by sequentially adding samples until a maximal non- 
significant subset is found. The process of deletion and calculation 
of new subsets is repeated until all samples have been included in 
at least one non-significant subset. 

In the STP analysis the probability of making any type I error, 
that is rejecting the null hypothesis when it is in fact true, in the 
entire set of comparisons among means or sets of means is a, where 
a is the probability level of the selected F statistic (.05, here). 
This probability a is called the “experiment-wise” error rate. Since 
the probability of any type 1 error at all is a, the probability of error 
for any particular test of some subset is necessarily something less 
than a. Thus, tests of subsets the significance level is less than the 
experiment-wise error rate, and the tests are not as sensitive as ex- 
pected to differences between individual samples or differences 
within small subsets. On the above grounds it seems better to use 
an a of .05 rather than a smaller value. 

Gabriel and Sokal (1969) have recommended calculating maximal 
non-significant subsets by considering only those samples that are 
from contiguous localities. The criterion of contiguity may be de- 
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fined by an example. Locality A is contiguous with B, and vice versa, 
if B is geographically closer to A than is any other locality. A third 
locality C may also be contiguous with A, and vice versa, even 
though the distance A — C is greater than A — B if C is the nearest 
locality that lies at least 90° of arc from a line running from A to B. 
The comparison of only contiguous localities and subsequent cal- 
culation of subsets would avoid situations such as found here with 
the character bill length, where by listing means in decreasing order 
of their magnitude the samples from localities in the northwestern 
part of the study area may be non-significant with samples from 
localities in the southeast. Clearly, no locality in the northwest is 
contiguous with any in the southeast. There is no doubt that the use 
of contiguities has advantages in simplifying the STP results and in 
reducing the number of comparisons to be made. However, owing to 
the particular arrangement and number of localities in the present 
study, this method was not used because there were many systemat- 
ically valid and interesting comparisons among localities which could 
not be made without violating the rules for contiguous comparisons. 
I believe that the method adopted here of arranging means in 
decreasing order of their magnitude and indicating maximal non- 
significant subsets on this arrangement is perhaps not the simplest 
method of presentation for the reader, but for this particular study it 
seems the most efficient method. Information on most combinations 
of locality samples is available. The interested reader could extract 
from the figures any specific information regarding tests of con- 
tiguous localities. 

For each locality the mean, standard error, standard deviation, 
coefficient of variation, and range have been calculated for each 
character. (These statistics along with sample sizes comprise an 
appendix to Power, 1967, doctoral dissertation having the same title 
as this publication and available through the University of Kansas 
Library, Lawrence, Kansas, or University Microfilms, Ann Arbor, 
Michigan. ) 

Interpretation of the Figures 

Before proceeding to the results of interlocality comparisons the 
interpretation of the accompanying figures should be clarified; 
Figure 4, a map of variation in bill length of males, will serve as an 
example. Beside the map in each figure the means for the character 
are listed by locality, along with locality number, in decreasing 
order of magnitude. (More specific locality information than ap- 
pears on the maps is given in Table 1.) The lines to the right of the 
means each represent a maximal non-significant subset of means, 
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being made up of those means which are included within the range 
of the line. The probability level is .05. Thus, the left-most line 
defines a subset ranging from 25.29 mm (Loc. 2) to 23.67 mm (Loc. 
12) in which no mean is significantly different from any other (i. e., 
the subset is homogeneous). Groups within this subset also show 
no statistically significant differences between themselves. For ex- 
ample, Locs. 1, 2, and 3 in northern Alberta and Northwestern Ter- 
ritories as a group are not significantly different from 10, 11, and 12 
in central Manitoba. Pair-wise comparisons may also be made. 
Thus, bill length at Loc. 2 (25.29 mm) in northeastern Alberta is 
not significantly different from that at Loc. 12 (23.67 mm). The 
question may arise as to what the relationship between two localities 
really is since, for example, in the first subset Locs. 2 and 12 are 
shown to be not significantly different, but in the second to sixteenth 
they appear to be significantly different. Recall that for the second 
subset and beyond Loc. 2 was dropped from the comparison, thus 
allowing additional means into the subset at the other end of the 
scale. Our question as to bill lengths at Locs. 2 and 12 clearly is 
answered as a function of which of the other means in the study are 
included. If we are concerned with bill lengths just at Locs. 2 and 
12 irrespective of others, we may say that the two are in fact not 
significantly different because they have been included together in 
at least one of the maximal non-significant subsets. This last decision 
is not based solely on the within-group variation of the two samples 
(as would be done in a f-test) but is based on the pooled estimate 
of within-group variation from all localities in the study. The fol- 
lowing general rule may be set: two or more means, or two or 
more groups of means, are judged homogeneous only if all means 
concerned are contained within the same maximal non-significant 
subset(s). 

Note, too, that what is significant or non-significant statistically 
may have different biological meanings. For example, mean bill 
lengths of males at Loc. 2 in Alberta and at Loc. 44 in central 
Missouri are the two largest in the study and are from the same 
statistical population. Biologically, however, we cannot say that 
northwestern Alberta and central Missouri Redwings represent a 
single “population” and that their respective gene pools have more 
in common with one another than, say, Loc. 2 with 8 (Saskatche- 
wan) and 44 with 36 (Iowa). Gene pool “similarities” cannot be 
based on only one character, and of course, several samples in com- 
parison with which Locs. 2 and 44 are judged significantly different 
geographically separate Locs. 2 and 44. More important in assessing 
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the degree of similarity may be the fact that samples 2 and 44 both 
represent breeding populations found in areas adjacent to forests 
(coniferous forest in the north and deciduous forest in the south), 
whereas the central samples are from more open country. Thus, 
important questions about bill length might relate to the ecology 
of the two samples and the factors that are responsible for the pre- 
ponderance of long-billed birds. 

The variously shaded circles at each locality are an aid in esti- 
mating the pattern of variation. Solid circles represent the largest 
means, open circles the smallest, and three-quarters, half, and one- 
quarter solid circles represent logical intermediate values. The 
intervals were arbitrarily calculated by dividing the total range of 
the means into five equal parts. Two exceptions are heart and body 
weights which, because of the small number of samples, have the 
total ranges of the means divided into three equal parts. Occasional 
bars between localities indicate those adjacent localities which are 
judged significantly different, and may represent barriers to gene 
flow. 

Results 


Bill length. In bill length (Fig. 4) the non-significant subsets 
include a large number of means, which cover in turn a wide range 
of localities. The pattern of variation for both sexes involves long 


Fic. 4. Map of variation of bill length of males (left) and females (right) 
in central North America. Means are ranked in decreasing order of magnitude 
along with locality number; lines to the right of the means each represent a 
maximal non-significant subset resulting from comparisons by STP (for further 
explanation see text). Occasional bars separating localities indicate those 
adjacent localities which are significantly different from one another. 


3—4331 
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bills in the northwestern and central Canadian portion of the area 
and in the southeast, particularly Missouri, southern Illinois, Iowa, 
and southeastern Nebraska. These areas include means ranging 
from about 23.7 to 25.3 mm for males and 20.0 to 20.8 mm for fe- 
males, and are roughly separated by lower mean bill lengths in the 
central plains and in Colorado. 

A regression of bill length on isophane was barely significant for 
males, with only 8.4 per cent of the variation in bill length being 
attributable to variation in isophane. A similar regression coefficient 
for females was not significantly different from zero. 

Bill height. Variation in bill height (Fig. 5) is roughly clinal; in 
males the highest means (12.30 to 13.08 mm) occur in the north- 


Fic. 5. Map of variation of bill height in males (left) and females (right). 


western part of the study area and elsewhere in Canada, with inter- 
mediate and lower values being rather scattered throughout the 
plains of the United States. In the U. S. there is a tendency for 
thick bills to occur in the western plains, and this has been partly 
responsible for the racial separation of the western “thick-billed 
Redwing” (A. p. fortis) from the nominate race in the east. Many 
of the western samples, however, are not significantly different in 
bill height than samples taken well within the supposed boundaries 
of A. p. phoeniceus (compare, for example, central Colorado with 
central Illinois). A significant linear relationship is found between 
bill height in males and isophane (Fig. 6), where 54.6 per cent of 
the variation in the character is attributable to variation in isophane. 

Variation in bill height in females is similar to that of males, with 
the highest means being found in the northwestern part of the study 
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Fic. 6. Regression of bill height in males (left) and females (right) on iso- 

phane. Both regressions are highly significant (P < .005); 54.6 per cent of 

the variation in males, and 50.6 per cent in females, is attributable to variation 
in isophane. 


area (Fig. 5), and with 50.6 per cent of the variation in the char- 
acter being attributable to variation in isophane (Fig. 6). One 
notable difference for females is that samples from central Missouri 
and Illinois are relatively larger in bill height than would be ex- 
pected from the variation in males, with the lowest values being 
restricted more to the central plains. 


Width of the lower mandible. Variation in lower bill width of 
both males and females is depicted in Figure 7. The general pattern 
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Fic. 7. Map of variation of the width of the lower mandible in males (left) 
and females (right). 


of variation is best summarized by the regression analyses of lower 
bill width on isophane (Fig. 8). Here it may be seen that the 
changes are clinal, with widest bills occurring in the northwest and. 
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Fic. 8. Regression of width of the lower mandible in males (left) and females 
(right) on isophane (solid circles). The regressions, applying only to the 
solid circles, are highly significant (P < .005); 71.0 per cent of the variation 
in the character in males, and 81.3 per cent in females, is attributable to 
variation in isophane. Open circles apply to the right-hand scales, which are 
mean bill width as a ratio of the cube root of body weight for those localities 
in which weight data were available; no regression lines have been drawn for 
these values. 

narrowest in the southeast. Isophanes decrease from north to south 
as well as from west to east, a pattern which is almost identical to 
that of lower bill width. In males 71.9 per cent of the variation in 
the character is attributable to variation in isophane, and for females 
the value is 81.3 per cent. 

Weight data were available for ten samples of males and seven 
of females, and with these few samples it was of interest to see if 
adjusting bill width for the weight or size factor had any effect on 
the definite clinal pattern of geographic variation in bill width. 
Ratios of mean lower bill width to mean cube root of body weight 
were calculated and plotted as open circles on Figure 8. (It should 
be noted that calculating a ratio by dividing two character means 
is satisfactory for sample comparisons, but it is not numerically 
equivalent to taking the mean of the individual ratios). In both 
males and females the data suggest that bill widths relative to 
weight are larger in the northwest, and over the study area become 
smaller in the east and in the south. In addition, judging from the 
fact that bill height, the width of the upper mandible, and the 
width of the lower mandible are all highly correlated with one an- 
other (Table 15), the variation of the former two characters would 
be largely unaffected by adjustments for weight. 

Width of the upper mandible. Here, as in the last character, the 
width of the bill decreases from north to south and from west to 
east (Fig. 9). In males 70.7 per cent of the variation in upper bill 
width is attributable to variation in isophane, and in females 80.7 


per cent of the variation is accounted for by variation in isophane 
(Fig. 10). 
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Fic. 9. Map of variation of width of the upper mandible in males (left) and 
females (right). 
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Fic. 10. Regression of width of the upper mandible in males (left) and 

females (right) on isophane. The regressions are highly significant (P < .005); 

70.7 per cent of the variation in the character in males, and 80.7 per cent in 
females, is attributable to variation in isophane. 


Tarsus length. There seems little if any geographic variation in 
absolute tarsus length (Fig. 11). However, in relation to body 
weight tarsus length is relatively shorter in the northern portion of 
the study area. The weight factor was removed in ten samples of 
males and seven of females (all that were available) by dividing 
the mean tarsus length by the mean cube root of body weight for 
each available sample. When regressed on isophane a negative 
slope was found (Fig. 12) indicating that relative to body size tarsi 
are shorter in the north. This relationship is much stronger in fe- 
males than in males. The regression slope for males is not quite 
significant (.05 < P < .10). Inspection of the graph suggests this 
non-significance is not due to the absence of the trend but to the 
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Fic. 11. Map of variation of tarsus length in males (left) and females (right). 
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Fic. 12. Regression of tarsus length expressed as a ratio of cube root of body 

weight in males (left) and females (right) on isophane. The regression in 

males is not significant (.05 << P< .10), but see text; 34.0 per cent of the 

variation in the character is attributable to variation in isophane. The regres- 

sion in females is highly significant (P < .005); 86.3 per cent of the variation 
in the character is attributable to variation in isophane. 


fact that a curvilinear regression would provide a better fit to the 
data. 


Tail length. In males the total range of mean tail length is more 
than 8 mm, while most of the maximal non-significant subsets in- 
clude a range of about 4 mm. This, along with the map (Fig. 13), 
suggests that the character is consistently variable throughout cen- 
tral North America. A regression on isophane is significant (P < .05) 
but explains only a small part (10.9 per cent) of the variation. The 
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dominant pattern is depicted in Figure 13 where it is seen that tails 
are longest in the western plains of the United States and in Alberta 
and Northwest Territories, Canada. Another area of moderate to 
long tails includes Wisconsin and Illinois. A “trough” of low values 
occurs through the central plains. 
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Fic. 14. Regression of tail length in males (left) and females (right) on 
precipitation (April to September, inclusive; averaged from records from the 
years 1899-1932, for U. S. samples only). The regressions are significant 
(P < .005 for males and .005 < P < .01 for females); 24.4 and 26.0 per cent 
of the variation in the character is attributable to variation in precipitation. 


In females the pattern is similar (Fig. 13). The total range of 
variation is 8.4 mm and the range of most subsets is about 4 mm. 
Longer tails are found in the western plains and in the northwest. In 
Illinois and in southeastern Nebraska, Iowa, and parts of Minnesota 
another high area is found. A regression on isophane is significant 


40 UnrIvERSITY OF KANSAS PuBLs., Mus. Nat. Hist. 


(P < .01) but explains little (17.0 per cent) of the variation in tail 
length. 

Although the relationship is not strong, there is a tendency for 
samples from more arid regions of the plains to have longer tails than 
samples from wetter areas. An inverse relationship between tail 
length and inches of rainfall (April to September, inclusive ) is seen 
in both males and females (Fig. 14). Only specimens taken in the 
United States were used in these analyses. Precipitation in inches, 
from April to September, was averaged from records for the years 
1899 to 1932 (U. S. Dept. Agric., 1941). These values are given in 
Figure 2 for the localities concerned. 

Wing length to the longest primary feather. The longest wings of 
males and females are found in the western plains of the United 
States and in Alberta and Northwest Territories, Canada (Fig. 15). 
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Fic. 15. Map of variation of wing length to the longest primary feather in 
males (left) and females (right). 


Through central Saskatchewan, Manitoba, and Ontario mean wing 
length is also relatively great. Lower values occur in the central 
plains, with the lowest of all in eastern Kansas, Oklahoma, and 
Missouri. It is also of interest to note that along the western edge of 
the study area the values in Canada decrease from north to south 
whereas in the United States the decrease is in the opposite direction, 
or from south to north. Regressions of wing length on isophane are 
given in Figure 16. 

Because weights are known for only a few samples, ratios of mean 
wing length to mean cube root body weight could be calculated. 
Unfortunately, weight data were lacking from the western plains 
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Fic. 16. Regression of wing length to the longest primary feather in males 
(left) and females (right) on isophane (solid circles). The regressions, apply- 
ing only to solid circles, are highly significant (P < .005); in males 34.0 per 
cent and in females 39.4 per cent of the variation in the character is attributable 
to variation in isophane. Open circles apply to the right-hand scales, which 
are ratio of mean wing length to mean cube root of body weight for those 
localities for which weight data were available; no regression lines are drawn 
for these values. 


where wing length is greatest. But with the few samples available 
the results suggest that wing length varies as a function of, rather 
than independently of, body size. The relationship of the two char- 
acters is suggested further by the high, positive correlation shared by 
wing length and cube root of body weight (Table 15). Tail length 
and wing length to the first secondary feather show the same 
relationship to weight. 

In addition to a general increase in wing length with increase in 
isophane, a second relationship exists between wing length and rain- 
fall. As with tail length, only United States samples were considered. 
In males and in females (Fig. 17), there is a fair inverse correlation 
between wing length and inches of rainfall (April to September, 
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Fic. 17. Regression of wing length to the longest primary feather in males 

(left) and females (right) on precipitation (April to September, inclusive; 

averaged for the years 1899-1932). The regressions are highly significant 

(P < .005); in males 47.3 per cent and in females 39.7 per cent of the variation 
in the character is attributable to variation in precipitation. 
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inclusive ) at each locality. Thus, birds from the more arid western 
plains have longer wings than those of wetter regions in the south- 
eastern plains of the United States. 

Wing length to the first secondary feather. In both sexes wing 
length as measured to the first secondary feather generally follows 
that of wing length to the longest primary. Maps and the results of 
STP are given in Figure 18, and regressions on isophane are given in 
Figure 19. 
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Fic. 18. Map of variation in wing length to the first secondary feather in 
males (left) and females (right). 
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Fic. 19. Regression of wing length to the first secondary feather in males 

(left) and females (right) on isophane. The regressions are highly significant 

(P < .005); in males 23.1 per cent and in females 38.1 per cent of the varia- 
tion in the character is attributable to variation in isophane. 


Epaulet color in males. Although there seems to be a tendency for 
males in the southwestern portion of the study area to have redder 
epaulets, there are not enough consistent differences or similarities 
in central North America to warrant the conclusion that a definite 
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pattern of geographic variation exists in this character (Fig. 20). A 
regression of epaulet color on isophane was not significant. The 
differences among localities are generally small, as the range of the 
means is only slightly over 1.5 points on the five-point color scale. 


Ventral and dorsal color of females. The ventral and dorsal color 
of females (Fig. 20) have similar patterns of geographic variation. 
Females appear slightly darker in the eastern and southeastern parts 
of the study area, primarily Missouri, Jllinois, Iowa, southeastern 
Nebraska, Wisconsin, and parts of Minnesota. The birds are palest 
in areas of the United States west of the localities just mentioned. In 
Canada the color is more toward the over-all average. There is a 
very strong line of demarcation separating birds of Missouri, Iowa, 
and southeastern Nebraska from paler birds to the west. This is the 
greatest divergence between adjacent localities found in the entire 
study. The regression analyses of ventral and dorsal color on 
isophane explain little (5.5 and 13.6 per cent, respectively) of the 
variation, and, in fact, a negative slope of the regression line for 
ventral color was not statistically significant from zero. 
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Fic. 21. Regression of ventral color eke) and dorsal color (right) in females 

on precipitation (April to September, inclusive; averaged for the years 1899- 

1932). The regressions are significant (.005 <P <.01 and P< .005); in 

ventral color 27.0 per cent and in dorsal color 32.7 per cent of the variation 
in the character is attributable to variation in precipitation. 


A stronger relationship is seen between color and inches of rainfall 
for localities in the United States. Regression analysis (Fig. 21) 
shows that ventral color 36.4 per cent of the variation may be at- 
tributable to variation in precipitation, while for dorsal color the 
value is 41.1 per cent. Although the pattern is imperfect, darker 
females tend to occur in wetter regions and paler birds in drier 
regions of the central United States. 


Cube root of heart weight. The few samples (fourteen for males 
and ten for females) having data on heart weight reveal a tendency 
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for the lowest heart weights to occur in the southeastern part of the 
area (Fig 22). This trend is further suggested by regressions on 
isophane, where 39.8 per cent of the variation is explained for males 
and 57.7 per cent is explained for females (Fig 23). 
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Fic. 22. Map of variation of cube root of heart weight in males (left) and 
females (right). 
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Fic. 23. Regression of cube root of heart weight in males (left) and females 

(right) on isophane. The regressions are significant (P < .05); in males 39.8 

per cent and in females 57.7 per cent of the variation in the character is 
attributable to variation in isophane. 


Cube root of body weight. Only ten samples with data on weights 
were available for males and seven samples for females. In both 
cases there is a trend of decreasing body weight from the north- 
western to the southeastern portions of the study area (Fig. 24). The 
variation is well represented in regression analyses (Fig. 25), where 
67.5 per cent of the variation of male body weight is attributable to 
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variation in isophane and a very high 92.1 per cent of the variation 
of female weight is attributable to variation in isophane. 
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Fic. 24. Map of variation of cube root of body weight in males (left) and 
females (right). 
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Fic. 25. Regression of cube root of body weight in males (left) and females 

(right) on isophane. The regressions are highly significant (P < .005); in 

males 67.5 per cent and in females 92.1 per cent of the variation in the 
character is attributable to variation in isophane. 


Correlations in Variation Among the Characters 


From the foregoing results and the accompanying illustrations a 
general idea is obtainable as to the degree of correlation or similarity 
of variation among the various characters. A more accurate state- 
ment of this relationship is obtained with correlation coefficients 
Product-moment correlation coefficients were calculated between 
characters using sample means (off-diagonal elements of Table 15). 
It should be pointed out for this and for following sections that a 
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correlation coefficient between characters calculated with sample 
means is an amalgam of within-group and between-group covari- 
ation. 

In both males and females, bill height, and widths of the upper 
and lower mandibles are highly correlated with one another in their 
patterns of variation, as is each to body weight. Tail length and the 
two wing lengths (primary and secondary feathers) also share a 
high degree of intercorrelation and are highly correlated with body 
weight as well. In considering the correlations between certain bill 
measurements and body weight, and between feather measurements 
and body weight, it should be kept in mind that body weight is 
neither equally nor well represented from all regions of the study 
area (see Fig 24). In females, ventral and dorsal color are very 
highly correlated. The results also show that males and females are 
alike in the correlation between characters. 

Correlations among characters are discussed further in the sec- 
tion on multivariate statistical analysis which deals with the extrac- 
tion of factors from parts of the correlation matrices. 


Correlation Between Males and Females 


Males and females generally show similar patterns of geographic 
variation. The relationship between the sexes is expressed as cor- 
relation coefficients calculated on sample means (diagonal elements 
of Table 15). All correlations are significant (P < .05) except for 
tarsus length, which showed no geographic variation using abso- 
lute values. 


Sexual Dimorphism 


For each of the characters except those concerned with color, a 
per cent difference (PD) was calculated for each sample by ex- 
pressing the difference between the mean for males and the mean 
for females as a per cent of the mean for males. This value was used 
as a measure of relative sexual dimorphism. For each character the 
distribution of PDs was inspected over the study area and regression 
analysis of PD on isophane was carried out. The results show that 
there are no obvious trends or patterns of geographic variation in 
the degree of sexual dimorphism. The mean PDs, range for each 
character, and number of samples for mean PD are given in Table 
16: 
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TABLE 16.—Per Cent Differences (PD) between Males and Females. 


Number 
Character PD Range of 

samples 
BMMMen eh ee lee sss ee ee 16.5 12.8-19.0 46 
OL REIGN te is.< sic: aR Ae 13.9 10.5-18.4 48 
Lower bill width.............. 13.3 11.0-16.2 48 
Wpper bill-wadth ss)... 0:78 sae 11.0 8.7-14.4 48 
MATSUBONGEN A tryna, oe: 11.3 9.4-13.6 48 
mail length 35 toni tat. ee daet 19.3 16 .4-22.2 38 
Wing length (primary)......... 17.9 16.3-19.2 38 
Wing length (secondary)....... 18.3 15.2-19.7 38 
Heartiweight*..5.. 2 eiscnsacohst 15 11.3-16.9 10 
BOGy Weight ®sr.o vincsvac Secs. 14.3 13;55-15.2 6 


8, Weights are transformed to cube roots. 


DISCUSSION OF UNIVARIATE COMPARISONS 
Heart and Body Weight 


Owing to insufficient data on weight, an interlocality correlation 
coefficient between heart weight and body weight could not be 
calculated. However, their respective patterns of variation suggest 
a direct correlation, implying heart weight probably varies as a 
function of body weight. 

Generally, in the eastern and northern parts of the plains where 
data are available, variation in body weight is positively correlated 
with latitude in concordance with Bergmann’s rule. Bergmann’s 
rule, simply stated, is that among the forms of polytypic, endo- 
thermic species, body size tends to be larger in cooler parts of the 
range and smaller in the warmer areas. Increase in weight is gen- 
erally thought to indicate a decrease in the surface/volume ratio of 
the organism, and vice versa. Since the rate of heat flow is related 
to the surface area across which heat transfer can occur, intraspe- 
cific changes in surface/volume ratios (i. e., from change in size) 
may represent approaches toward thermoregulatory homeostasis, a 
problem facing birds that have broad geographic ranges (Mayr, 
1956; Hamilton, 1961; but to the contrary, see Scholander, 1955). 

The winter distribution of most populations of Red-winged Black- 
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birds in central North America is a result of a general shift south- 
ward from the breeding grounds (A. O. U., 1957; Campbell, 1936). 
Those northern populations which experience a cooler breeding 
season are also expected to experience a colder winter than birds of 
lower latitudes. There is some evidence from banding recoveries 
that in winter Red-winged Blackbirds and certain other icterids 
may funnel into the rice belt states of Tennessee, Arkansas, Missis- 
sippi, Louisiana, and Texas (Meanley et al., 1966). Although in 
winter there may be a compression into more southerly localities, 
it seems highly unlikely that there is “leap-frog” migration or that 
there are wide differences in the spatial relationships among pop- 
ulations between breeding and wintering ranges. Thus, in relation 
to adaptations concerning thermoregulation, interpopulation dif- 
ferences reflecting temperature on the wintering grounds may be 
generally inferred from knowledge of the breeding distribution. 


Bill Size and Shape 


Variation in bill size and shape may be discussed from the stand- 
point of (i) Allen’s rule, which states that among the forms of poly- 
typic, warm-blooded species, extensions of the body tend to be 
longer in warmer parts of the range and shorter in the cooler 
regions, and (ii) functional adaptation in relation to food selection 
and feeding habits. From present evidence it seems more likely that 
variation is related primarily to variation in diet and feeding habits. 
The partial evidence that bill size and shape may vary independently 
of weight further suggests that selection is operating on the bill 
itself, independently of the size of the bird. 

A correlation among bill structure, behavior, and diet, both within 
and among species, is well established (Hinde, 1959; Huxley, 1942; 
Lack, 1944). Likewise, relationships between feeding habits and 
bill size and shape have been suggested for the genus Loxia (Kiri- 
kov, as cited in Mayr, 1963:324), Parus (Snow, 1954a, 1954b; Betts, 
1955), Galapagos Finches (Bowman, 1961), Alectoris partridge 
(Watson, 1962), and Aphelocoma jays (Pitelka, 1951) to cite just a 
few examples. 

In a study of food-getting adaptations in the Icteridae, Beecher 
(1951) found varying with diet the mass and length of the bill, 
degree of angulation of the commissure, length of the orbital process 
of the quadrate, and the degree of kinetics (“kinetic” expresses the 
fact that the palato-pterygoid framework is movable with respect 
to the cranial parts of the skull). Beecher (1951: 417-418) noted: 


GEOGRAPHIC VARIATION OF RED-WINGED BLACKBIRDS Py 


It was found that the finch-like Cowbird [Molothrus ater] has an 
annual diet averaging 77.7 per cent seeds and 22.3 per cent insects. 
Correlated with this is a short, massive bill with a highly 
angulated commissure (134°), reduced kinetics (33° of arc), a quadrate 
with the lever-like orbital process much elongate, and palatine foramen 
relatively far posterior. The Red-winged Blackbird, Agelaius phoeniceus, 
and the Rusty Blackbird, Euphagus carolinus, are progressively more 
insectivorous in their annual diet (26.6 per cent for the former, and 
53.0 per cent for the latter). Correlated with this, movement in the skull 
is progressively increased (35.0° in Agelaius, 43.0° in Euphagus), and 
the bill is elongated. At the same time the palatine foramen advances 
forward, and the bill becomes less massive and more forceps-like. 
Finally, the orbital process of the quadrate becomes shorter. These are, 
then, skull changes accompanying a more insectivorous diet. 

Inferring from the differences Beecher found among species it 
might be expected that the Red-winged Blackbirds of the western 
plains, with short, thick bills, are adapted to consume a greater pro- 
portion of seeds than the thinner-billed birds from the eastern plains 
and elsewhere. Dietary differences among populations may not be 
in the proportion of seeds and insects consumed, however, but in 
the kinds of seeds and insects, as Kear (1962) and Bowman (1961) 
have shown for other species. This matter should be investigated in 
Red-winged Blackbirds. 

Another factor, one which affects bill length only, is wear of the 
tip. Wear may vary with the type of substrate on which food is 
found or with the type of food. During the breeding season Red- 
wings eat mostly insects and other animal matter, while consuming 
mostly vegetable matter at other times of the year (Allen, 1914; 
Beal, 1900; Bird and Smith, 1964). A summer increase in bill length 
is found in Red-wings, Tricolor Blackbirds (Agelaius tricolor), 
Brewer's Blackbirds (Euphagus cyanocephalus), and certain other 
passerines which eat mostly insects in the summer and are almost 
entirely vegetarian in the winter (Davis, 1954). A seasonal change 
in bill length in Boat-tailed Grackles (Quiscalus [Cassidix] mexi- 
canus) has also been found by Selander (1958). 

It is interesting that the birds from Rolla, Missouri, (Loc. 44) 
have bills as long or longer than many from northern populations. 
There is also a similarity in the habitats of the birds from these two 
regions. In the north, marshes are in stands of coniferous forest, and, 
in the south, Rolla is in an area with much deciduous forest. Along 
the eastern edge of the plains in the United States much Red-wing 
habitat is in deciduous forest or in a grassland-deciduous forest 
ecotone. The significance of the apparent correlation of long bills 


and forest association is unknown, beyond the generality concerning 
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proportions of insects in the diet available from Beecher’s (1951) 
work. 
An analysis of variation in the bill surface/volume ratio is given 
elsewhere (Power, 1970). 
Tarsus 


Tarsus length relative to body weight decreases at high latitudes 
and increases at low latitudes. Presumably, selective pressure for 
relatively shorter tarsi in the more northerly parts of the breeding 
and wintering ranges relates to heat retention and the maintenance 
of an efficient surface/volume ratio. Or, conversely, relatively longer 
tarsi may aid in heat dissipation in warmer areas. It is known that 
arterio-venous countercurrent retes found in the legs of many birds 
and other animals are related to heat conservation (Scholander, 
1955). In the Sparrow Hawk (Falco sparverius) when ambient 
temperature is lower than body temperature heat loss is regulated 
in part through vasomotor activity in the unfeathered parts of the 
tarsometarsus (Bartholomew and Cade, 1957). In the California 
Quail (Lophortyx californicus) the unfeathered portion of the legs 
is known to provide an important accessory pathway for heat dis- 
sipation (Brush, 1965). 


Wing and Tail 


In some cases, birds from northern populations of migratory 
species have longer wings and tails than more southerly populations 
of the same species (Williamson, 1958). This is most marked in 
long-distance and obligatory overseas migrants such as the Wheatear 
(Oenanthe oenanthe). However, the association is not simple since 
wing and tail length may or may not fluctuate with body size 
(generally measured as body weight). For example, the farthest 
migrating populations of the plover Charadrius hiaticula have rel- 
atively small wings (Salomonsen, 1955). 

Within certain species of Parus, wing length is inversely cor- 
related with winter temperature (Snow, 1954a). There is also a 
“latitude effect” in that with similar winter temperatures (measured 
as the mean temperature of the coldest month) wing length tends to 
be greater at lower latitudes than at higher latitudes. Snow considers 
wing length to be directly correlated with body weight and in his 
discussion of the adaptive significances of patterns of variation, body 
size rather than wing length per se is given the attention. The degree 
of correlation between wing length and body weight is not known, 
however, since Snow (1954a:20) states only that “. . . in all 
except one of the species [P. major, in which British weights were 
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unexpectedly high] for which weights are available, wing-length 
[was] found to be a satisfactory indication of general size.” It 
would be desirable to know what “satisfactory” means quan- 
titatively. Thus, using wing length to indicate body size, Snow 
thought that a general increase in relation to low winter temperature 
was in accord with Bergmann’s rule, whereas the second factor or 
“latitude effect,” which depresses the operation of Bergmann’s rule, 
relates to the short feeding day at high latitudes. It was suggested 
that, since a larger bird requires a larger absolute amount of food 
per day. “ selection will act against the attainment of the 
size most efficient for heat-conservation” (Snow 1954a:12). 

In Red-winged Blackbirds at least two factors seem to be in opera- 
tion. First, considering all but the western plains of the United 
States, wing and tail lengths increase with latitude. Since these 
measures are correlated with body weight (Table 15), and since 
geographic variation seems lacking in ratios of mean wing length to 
mean body weight (cube root), then wing and tail lengths may 
simply vary as a function of body size, the latter varying according to 
predictions of Bergmann’s rule. A second factor is considered in the 
plains of the United States, where in the west the longest wings and 
tail are recorded. Regression analyses of wing and tail lengths of 
United States samples on precipitation show a good deal of variation 
but a definite trend for an increase in wing and tail length with 
decreasing rainfall. The inverse relationship is stronger in wings 
than in tails. For males 47.3 per cent and for females 39.7 per cent 
of the variation in wing length is associated with variation in pre- 
cipitation. With tail length the figures are 24.4 and 26.0 per cent, 
respectively. 

An “aridity factor” has been noted by previous authors. Hamilton 
(1958), for example, found that in intraspecific comparisons of 
vireos, wings were shorter in humid regions and longer in arid 
regions of North America. Hamilton designated this observation an 
“aridity effect” stating (1958:321) that “. . . within wide-rang- 
ing species of temperate and tropical distribution there may be a 
tendency for individuals of populations occurring in hot, arid regions 
to have greater wing lengths than individuals in hot, humid regions.” 
Similar variation in relation to aridity is found in Downy Wood- 
peckers (Dendrocopos pubescens), White-breasted Nuthatches 
(Sitta carolinensis), and Cardinals (Richmondena cardinalis) 
(Hamilton, 1958). In the Loggerhead Shrike (Lanius ludovicianus) 
populations with the longest wings are found in the arid lowlands 
of northwestern Mexico, while those with the shortest wings occur 
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in the more humid southeastern United States (Miller, 1931). Other 
examples are given by Salomonsen (1955) and elsewhere. 

In some cases shorter wings are characteristic of sedentary 
populations and longer wings of migratory populations of the same 
species. But for some kinds of birds the sedentary forms are also 
residents of more southerly and more humid habitats. Thus, it is 
difficult in some cases to determine which, if any, of these factors 
has primary selective influence on wing and tail lengths. Red- 
winged Blackbirds from the southeastern United States, which are 
both relatively sedentary and in a warm, humid environment, have 
short wings (about 113.5 mm in males, and 93 mm in females) and 
tails (about 88 mm in males, and 70.5 mm in females), according 
to Howell and van Rossem (1928). 

Clearly a variety of factors in the environment may directly or 
indirectly exert a selective influence on wing and tail length (Hamil- 
ton, 1961). If variation in wing and tail length is a direct function 
of variation in body size then with increases in these measures with 
increase in latitude, or more directly ambient temperature, selection 
may concern surface/volume ratios in relation to thermoregulation 
and heat loss. Variation in body size may also relate to efficiency in 
migration (Salomonsen, 1955). In addition, in arid regions larger 
individuals may have a metabolic advantage, or conversely, in more 
humid regions a smaller body may have greater survival value. 
Hamilton (1961:184), for example, speculated that for vireos “the 
increase in wing length in warm, arid regions is an indication of size 
increases that facilitate conservation of metabolic water, and that the 
decrease of wing length in warm, humid regions is indicative of size 
decreases that facilitate effective heat dissipation.” In certain desert 
birds, larger bodied individuals and species lose relatively less res- 
piratory moisture than birds of smaller size (Bartholomew and 
Dawson, 1953; also of interest in this regard is Dawson and Schmidt- 
Nielsen, 1964). 

Several factors may have a direct effect on the structure of the 
wing. Relative intraspecific increases in wing length and wing area 
may be correlated with distance of migration, and prove to be 
advantageous for sustained flight. Also important is the shape of the 
wing. Rensch (1934), for example, noted that migratory individuals 
have more pointed wings (longer and narrower) than more seden- 
tary members of the same species. A second factor may be altitude, 
and although no correlation between wing and tail lengths and 
altitude was detected in Red-winged Blackbirds, a positive relation 
has been found with other birds. For example, Moreau (1957, 1960) 
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found that in Zosterops complex of Africa, wing length is cor- 
related with altitude independently of temperature. According to 
Hamilton (1961: 185), Stresemann has suggested that a relatively 
larger surface and length of wing may be an adaptation for flight in 
the thin air of high-altitudes. 

A third factor directly affecting wing and tail lengths may be the 
density of the vegetation (Hamilton, 1961) or the distance between 
patches of suitable habitat. The longest winged and longest tailed 
Red-winged Blackbirds occur along the western edge of the Great 
Plains in the United States. In this region the density of the vege- 
tation in and immediately adjacent to breeding sites does not appear 
markedly different from that of other areas. However, the country 
is more open in areas where the birds wander to feed. Also, rel- 
atively vast expanses of dry grassland, and in some cases desert, 
separate the marshy areas and irrigated farmland in which Redwings 
are found—a situation that does not occur in eastern and northern 
portions of the study area. Since birds in the western plains may 
have to fly greater distances during normal diurnal activity longer 
wings and tails may be advantageous. 

Clearly the environment presents a multiplicity of factors and 
interactions which may have evolutionary impact on variation. In 
addition nutritional factors may affect body size and wing and tail 
lengths. At this stage the cause-and-effect relationship between the 
environment and wing and tail lengths is confusing for at least two 
reasons. First, it is not know in all cases if wing and tail lengths 
merely reflect body size. And second, changes in factors such as 
latitude, altitude, precipitation, humidity and aridity, migration 
distance, density of the vegetation, patchiness of the habitat, and the 
like are often correlated with one another. In cases where such 
factors are not highly correlated the singling out of one factor often 
imposes an oversimplification. Elsewhere, I have attempted to sort 
out some of these factors by the use of multiple regression analysis 
(Power, 1969). 

Color 


There is no trend or pattern of variation in male epaulet color. 
Since the red epaulets of males probably serve a signal function in 
courtship and defense of territories, it may be significant that there 
is no marked variation in color. A similar situation exists in Purple 
Martins (Progne subis), where females and first-year males are 
brighter and paler in Sonora, Mexico, than in Kansas, but adult 
males are of uniform color throughout the range (Johnston, 1966a). 
Color of the body feathers in females and first-year males is thought 
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to vary due to differential selection relating to crypticity and, per- 
haps, thermoregulation. In adult male martins, uniform color may 
reflect selection for display plumages. However, one problem with 
Johnston’s interpretation of the adaptive significance of variation in 
females and first year males is in breast coloration; it would seem 
that selection relating both to crypticity and efficiency in thermoreg- 
ulation would be maximal for dorsal rather than ventral coloration. 

In Red-winged Blackbirds, variation in female color tends to 
follow Gloger’s rule. For samples taken in the United States the in- 
tensity of color is roughly related to amount of rainfall and presum- 
ably to humidity as well. Thus, more heavily pigmented females are 
found in the southeastern portion of the plains and paler birds tend 
to occur in the central and western plains. An increase in pigmenta- 
tion with increases in humidity or rainfall has been found in many 
other bird species (Hamilton, 1958; Johnston and Selander, 1964; 
Packard, 1967; and Snow, 1954a). Bowers (1959, 1960), working on 
Wrentits (Chamaea fasciata) in the San Francisco Bay region, found 
a strong correlation among the degree of pigmentation, temperature, 
humidity, and substrate color, which suggested a causative mech- 
anism underlying Gloger’s rule. Bowers (1960:118) states “ 
in temperate regions with relatively high humidity, low temperature, 
and frequent cloudiness, the plants respond by growing luxuriantly; 
this in turn allows the production of dark, moist soils with abundant 
humus that is more nearly screened from the bleaching action of the 
sun than in other situations. Through the agency of natural selec- 
tion, then, the darker colors of Wrentits in time would be favored 
and the birds come to match the surroundings in this dark habitat.” 
Johnston (1966b, and pers. comm.) has shown that interpopulation 
variation in breast color of female House Sparrows is correlated with 
soil color. Packard (1967) has also discussed color variation in 
House Sparrows. 

The marshes in which female Red-winged Blackbirds nest prob- 
ably do not differ much among localities in background color. 
However, the substrate of fields in which Red-wings feed may be 
paler in more arid regions of the plains. Also possibly significant, 
but unknown, is the substrate color of the wintering quarters. A 
correlation of color with substrate suggests crypticity and the ad- 
vantage of protective coloration against visually oriented predators 
as at least one selective factor. Nothing more definite can be said 
regarding evolution of color at this time since the physiological basis 
of color variation is not clear, and the selective advantages of genes 
responsible for differences are not always evident (Mayr, 1963:324). 
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A very strong line of demarcation separates samples from south- 
eastern Nebraska, Iowa, and Missouri (Locs. 35, 36, and 44, re- 
spectively) from samples in southeastern South Dakota, north- 
central Nebraska, and northern and central Kansas and eastern 
Colorado (Locs. 31, 34, 45-47, and 48, respectively ). This line sep- 
arates adjacent localities which are significantly different. The trend 
of variation in this region probably has biological significance, but 
the magnitude of the difference may be somewhat exaggerated. Of 
the samples characterized by dark females, the Missouri locality is in 
deciduous forest and the localities in southeastern Nebraska and 
Iowa fall into deciduous forest and the deciduous forest-grassland 
ecotone which extends into the classically recognized grassland 
biotic community. Thus, at first glance there seems a correlation 
between the occurence of dark females in dense vegetation and 
pale females in dry, open grassland. However, the eastern samples 
characterized by darker birds were collected in 1966, and the paler 
birds to the west were taken in 1949, and it is known that a de- 
tectable amount of post-mortem color change occurs within this 
time span (see Chronological Variation). Differences in the date of 
collecting may contribute to the significant difference between Loc. 
52 (largely 1965-1966) in southwestern Kansas and Locs. 47 and 48 
(largely 1949) in northeastern Kansas and Colorado seen in com- 
parisons for dorsal color. I think the trend of variation seen in color 
of females in the southern plains is real and has biological signifi- 
cance, probably along lines discussed above, but it is also likely 
that the magnitude of difference—and the fact that several adjacent 
localities tested significantly different while variation elsewhere is 
gradual—is artificially imposed by the differences in the time of col- 
lecting. Time differences probably also account for the fact that 
the westernmost samples of Montana, Wyoming, and Colorado 
(Locs. 27, 33, and 51), all collected in 1966, rate slightly darker 
than specimens taken just to the east in eastern North and South 
Dakota, eastern Nebraska, and northeastern Kansas, for the most 
part collected in 1949. 


Sexual Dimorphism 


Red-winged Blackbirds fit in the general trend for the family 
Icteridae of increased sexual dimorphism in polygamous or promis- 
cuous species (Orians, 1961; Selander, 1958). Presumably, selec- 
tion affecting color in females is related to the advantages of cryp- 
ticity and the role of females in caring for eggs and young. Males 
do not care for or feed the young. Factors governing larger size and 
more striking color in males are most likely related to sexual selec- 
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tion, where a premium is placed on a bird’s ability to obtain and 
hold a territory and one or more mates. Experiments have shown 
that adult males (females were not tested) respond differently to 
the sex of another Red-wing when only visual cues are available 
to them (Noble and Vogt, 1935). The fact that males are more 
boldly colored than females and that owing to their epigamic and 
agonistic behavior they are more frequently exposed to predators 
possibly results in an increased mortality among males as suggested 
by the unbalanced tertiary sex ratios in favor of females found at 
breeding colonies (Meanley and Webb, 1963; Orians, 1961). Vari- 
ous aspects of mating systems and sexual selection, as these pertain 
to Red-winged Blackbirds, have been treated by Selander (1965). 

The evolutionary significance of sexual dimorphism also relates 
to differences in food and feeding habits. If the abundance of food 
of a certain size or kind, say, were a factor limiting the number 
of birds in a population (in this regard see Lack, 1966), then 
the probability of survival of any individual would increase if it fed 
on a more readily available food source. The availability of food of 
a certain kind depends not only on its natural abundance, but on 
the number of organisms which also use the particular food source. 
Thus, given the evolutionary opportunity, a population may evolve 
behaviorally and/or morphologically such that its individuals ob- 
tain the greatest degree of success in feeding, specifically, and sur- 
vival in general. Such evolution may increase behavioral and mor- 
phological variability, within populations. 

As discussed previously, differences in bill size and shape within 
and among species often reflect differences in the nature of their 
food. Differences in food and feeding habits may be reflected by 
other characters as well. For example, in some hawks and owls, it is 
body size which often reflects food diversity, and in ducks and fla- 
mingos more specific modifications of the bill, such as the degree 
of serration, are related to food selection. 

The point is that the degree of intrapopulation variation in char- 
acters such as body size and bill size and shape is very probably 
related to factors such as the degree of food diversity of a popula- 
tion. Intrapopulation variation may be continuous or discontinuous 
(a case of the latter is polymorphism). For example, Van Valen 
(1965) compared island and mainland populations of six passerine 
species in which one population (usually the island birds) occurred 
in a wider variety of local habitats (“wider niche”) than the other, 
and he found that variances of bill measurements averaged larger 
for populations using a wide range of local conditions, and smaller 
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in populations occurring in a more narrow range of conditions. 
More to the point here is discontinuous variation as found in cases 
of sexual dimorphism. Selander (1966) demonstrated a presumably 
adaptive relationship between the degrees of sexual dimorphism 
and sexual differences in foraging behavior in two melanerpine 
wood peckers (other species are also discussed). The insular His- 
paniolan Woodpecker (Centurus striatus) is strongly dimorphic 
(e.g., PD of bill length = 21.3) and shows sexual differences in 
foraging behavior in directions expected on the basis of differences 
in the bill and tongue. Conversely, the continental Golden-fronted 
Woodpecker (C. aurifrons) is moderately dimorphic (e. g., PD of 
bill length = 9.1) and shows less sexual difference in foraging. The 
divergence of the sexes in the insular species has allowed greater 
latitude in food and feeding behavior for populations as a whole, 
reduced intersexual competition for food, and may have allowed 
population densities greater than those maintained by continental 
woodpeckers. Selander thinks the divergence of island forms is 
related to reduced interspecific competition due to the absence or 
rarity on the island of other woodpeckers and birds with similar 
food requirements. 

In Red-wings, sexual differences in bill measurements ranging 
from about 11 to 16.5 per cent (upper bill width and bill length, re- 
spectively; see Table 21) would theoretically allow sexual differ- 
ences in diet. There are hints, but to my knowledge no conclusive 
evidence, suggesting such differences. Large flocks of females have 
been observed feeding regularly on beds of millet but males only 
rarely (Meanley, 1961). Males rather than females, however, have 
been observed in the heavier work of removing seeds from cones of 
loblolly pine (Meanley, 1962) and seeds from the fruit of white ash 
(Nero, 1950). It is also known that wintering flocks of Red-winged 
Blackbirds in Texas are largely unisexual (Mengel, 1965:443, and 
R. K. Selander, pers. comm. ). 

In summary, at this stage of our knowlege the evolutionary sig- 
nificance of sexual dimorphism may be accounted for in two ways: 
(1) Sexual selection occurs with selection pressure on males being 
partly related to the advantages of large size and bold color in 
epigamic and agonistic behavior and territorial defense, while 
selection pressure on female morphology may be partly related to 
the role of the female in parental care and the consequent ad- 
vantage of being cryptically colored; and (2) sexual dimorphism in 
over-all size and shape of bill may allow partitioning of food by 
size, permitting reduced intersexual competition for food and in 
effect increasing the variety of food available to the population. 
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MULTIVARIATE ANALYSIS OF GEOGRAPHIC VARIATION 


Studies in systematic biology often compare groups of organisms 
by considering multiple characters. If the emphasis or interest is in 
detailing variation in the characters themselves then univariate com- 
parisons are applicable. If, however, interest lies primarily in the 
groups of organisms and their relationships, then the most efficient 
means of comparison is to consider as many characters as possible 
simultaneously through multivariate statistical techniques such as 
canonical variates analysis. Multivariate techniques may also 
simplify descriptions of characters. Factor analysis has been applied 
in this regard in the following section. With the availability of high- 
speed, electronic computers the application of such techniques to 
biological data has become practical. 


I. Canonical Variates Analysis 


Methods 


In this analysis only adult birds were used, and since canonical 
analysis considers all characters jointly, specimens with data missing 
for one or more characters 
were necessarily deleted from the 
study. In males this did not 
reduce sample sizes drastically, 
but did require that localities 15, 
16, and 53 be excluded from the 
analysis. In females the effect 
was greater, requiring the dele- 
tion of twenty samples and re- 
sulting in the use. of only those 
localities shown in Figure 26. 
The characters body weight and 
heart weight could not be in- 
cluded because data were insuf- 
ficient. Thus, one color and eight 
linear characters were used for 
males and two color and eight 
linear characters were used for 
females. These are of course the 
same characters used in the uni- 
variate analysis. 

If only two characters are mea- 
sured on specimens of a sample 
then each specimen may be represented by a point in a simple two- 


Fic. 26. Samples of females used in 
the canonical variates analysis. 
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dimensional space in which the dimensions correspond to the two 
characters. This 2-D phenetic space may be represented by a simple 
bivariate scatterdiagram on which points describing the specimens 
are plotted. If many localities are to be compared then the means of 
each sample may likewise be plotted in the 2-D space. With three 
characters a 3-D model might be construed with specimens or 
sample means plotted therein, and, as in the 2-D case, each char- 
acter represents an axis which is at right angles to every other axis. 
Beyond three dimensions the system is similar and here we may 
locate a specimen or a sample in an n-dimensional phenetic hyper- 
space, although a model may not be constructed. 

In the present study a single male specimen may be represented 
by a point in nine-dimensional space, in which the dimensions cor- 
respond to the nine characters used in describing the specimen. A 
single sample would be a small cluster of points in the 9-D space, 
the best representation of which is the point described by the means 
of all nine characters. For females the same sort of visualization is 
valid, but here we are concerned with 10-D space, corresponding to 
the ten characters used for females. Multivariate canonical analysis 
allows us to generate one new axis for each character and rotate 
these axes through hyperspace in such a way as to minimize within 
group variation and maximize among group variation. These axes 
are the so-called discriminant functions. Usually a few of the dis- 
criminant functions are all that are required to describe most of the 
variation among groups, and by projecting the group means onto 
these discriminant functions we may obtain the “best” views of rela- 
tionships among groups. “Relationship” here is of course in terms of 
the characters used. This is what has been done in Figures 27 and 
28, where the bivariate scatter diagrams represent two-dimensional 
planes through the phenetic hyperspaces on which group means are 
projected. Other views may be obtained using other discriminant 
functions (Fig. 29). Further, the axes of the original characters may 
be projected onto the plane in order to indicate which of the char- 
actors contribute to the separation of locality samples. With a few 
bivariate and trivariate scatterdiagrams one may place the emphasis 
on among-group relationships and neatly summarize most of the 
information given in univariate comparisons as well as provide new 
information by considering characters jointly. 

Calculations involve obtaining variance-covariance matrices for 
each sample and pooling these matrices over all samples to obtain a 
within-group variance-covariance matrix W. A second matrix, the 
between-group variance-covariance matrix B, expresses the disper- 
sion of the sample means around their grand mean. The discrim- 
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inant functions are the principal components of matrix B after 
standardization by matrix W(BW-). Standardization adjusts the 
measurement of each character by the variance of every other char- 
acter and serves in maximizing among-group variation relative to 
within-group variation. The principal components of the standard- 
ized matrix B describe axes such that the first represents the greatest 
amount of among-group variation, the second the next greatest 
amount, the third the next greatest, and so on. For each axis there 
are coefficients (K) of the discriminant function such that K,Y, + 
KY, + ...-+ KY, = P, where K,,..., K, are eigenvectors or 
direction cosines, Y,, . . ., Y, are sample means for the n characters, 
and P is the point on the axis for a sample. Individuals may be 
plotted instead of sample means simply by substituting the indi- 
vidual character values (Y,, . . ., Y:) in place of means, assuming 
non-significant differences among within-locality variance-covari- 
ance matrices. Each discriminant axis has an eigenvalue or char- 
acteristic root which measures the dispersion of group means along 
the axis. An estimate of the per cent of the variation described by 
each discriminant function is obtained by the ratio of each eigenvalue 
to the sum of all the eigenvalues. The eigenvectors and eigenvalues 
for both males and females are given in Tables 17 to 20. 

In the present study some of the sample variance-covariance 
matrices were significantly different from others, and, thus, the 
pooled matrix W is an approximation. Inspection of sample matrices 
suggested that it was the covariances (reflecting intrasample cor- 
relations between characters) rather than the variances which con- 
tributed most to the significant differences among groups. Differ- 
ences among variances may be corrected by transformations of data 
but differences among covariances cannot generally be resolved 
in this way. 

A particularly helpful discussion of the application of multivariate 
discriminant analysis to a geographic variation study will be found 
in the introductory material of Jolicoeur (1959: 284-287); Dupraw 
(1965) and Jameson et al. (1966) have also carried out systematic 
studies using these techniques. More detail on the theory and pro- 
cedures of canonical variate analysis are available in Seal (1966: 
chap. 7) and in the references cited by the above authors. 


Results 


In Figure 27 where male sample means have been plotted on the 
first and second canonical axes it can be seen that northern popula- 
tions differ from more southern ones due to increased height and 
width of the bill and decreased tarsus length. Western populations 
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TABLE 19.—Eigenvalues for Canonical Variates Analysis of Males. 


Dicer ant Eigenvalue Per cent pees 

| Speen ue ract urd se 888 .953 37.9 
PAs lees Se ey cusios acs 593.290 25.3 63.2 
] 00 beep pceaen 2 risa ere RC 5 210.053 8.9 72.1 
| oor eR re Pat 181.693 Gall 79.8 
\ AEE ads Ce eee 170.338 7.3 87.1 
WA setae Drceidtereee oe oe 128.675 5.4 92.5 
WEE Peer eee css pets 70.457 3.0 95.5 
V6.0 0 Cae er Ae eee 59.037 2.5 98.0 
LEX Gece artes: eke eh as 46.077 2.0 100.0 


TABLE 20.—Eigenvalues for Canonical Variates Analysis of Females. 


Bean Eigenvalue Per cent ae Ns 

De he ek aes A ee 451.127 35.0 
TSE geo tend en ane st 337 .286 26.2 61.2 
SET Pay he Bld a GS oe 175.615 13.6 74.8 
LVEE eS: See se 126.123 9.8 84.6 
Wikee ce, ents e Sn nS 58.782 4.6 89.2 
NG Ogee oP scarier eames a gee 45.278 3.5 92.7 
Wilts Dette tettrer ae ge ete oe 44.439 3.4 96.1 
VAIL ehh mon oth Steere at, 23.119 1.8 97.9 
1 RIS SAS eed at fay Seal 20.456 LG 99.5 
DG Re te Pec ts Cyn 7.064 0.5 100.0 


of males on the other hand are characterized by longer wings and a 
decreased bill length. Also, western samples have slightly wider 
and thicker bills than eastern populations but are smaller in these 
characters than northern populations. The projection of group 
means on the discriminant functions reveals shape differences in the 
bill. Individuals of western populations tend to have short, thick 
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Fig. 27. Canonical variates analysis of 51 samples of male Red-winged Black- 
birds. The mean for each sample is plotted on the first and second canonical 
axes, describing a total of 63.2 per cent of the variation among groups. Samples 
are plotted with locality number and a symbol according to their present sub- 
specific status; circles, A. p. arctolegus; triangles, A. p. fortis; inverted triangles, 
A. p. phoeniceus. The directions for north and west give the approximate 
distribution of localities on the graph. The original coordinates of the char- 
acters are represented by vectors which may be imagined to be emanating 
from the grand mean (cross). The length of each vector corresponds to two 
standard deviations of the measurement (based on the pooled, within-group 
variances). The characters are: BL, bill length; BH, bill height; LBW, 
lower bill width; UBW, upper bill width; TR, tarsus length; TL, tail length; 
WI, wing length to the longest primary feather; W2, wing length to the first 
secondary feather; EC, epaulet color. 


bills, northern populations have relatively long, thick bills (generally 
thicker than western samples in the extreme northwest), and south- 
eastern populations are characterized by long, thin bills. It is in- 
teresting to note that tarsus length when considered jointly with 
other characters aids in discriminating groups whereas it was 
necessary to express tarsus length as a ratio to body weight in order 
to find the same pattern in a univariate analysis. 

Since about 37 per cent of the among-group variation is not 
shown in the scatterdiagram it is not surprising that details in the 
patterns of variation of some characters are lost. Generally 
speaking, the best separation of northern and southern popula- 
tions of males relies most heavily on differences in the thickness 
of the bill and to a lesser degree on tarsus length. The western 
samples on the other hand are separated on the basis of bill and 
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wing length. An example of loss of detail is seen in the char- 
acter wing length, which, although is was rather variable among 
localities, showed in the univariate comparisons a trend of increase 
to the north as well as to the west. The increase in wing length to 
the north is not evident in the plane of the first and second dis- 
criminant functions. This does not reduce the utility of canonical 
variates analysis in geographic variation studies, but it does empha- 
size that the primary concern is in the relationship among groups, 
not in detailing trends of variation in single characters. 

Scatterdiagrams of canonical variates show additionally that 
variation among localities is largely gradual throughout the study 
area. This relationship is indicated by the fact that localities that 
are closer to one another on the diagrams are also generally closer 
to one another geographically. The subspecies A. p. phoeniceus, A. 
p. fortis, and A. p. arctolegus, rather than distinct entities, seem to be 
continuations of broad trends of variation representing adaptations 
to local conditions. The fact that the first and second canonical 
variates represent only 63.2 per cent of the among-group variation 
suggests that other views might reveal unique relationships among 
the localities. Several bivariate scatterdiagrams were made using 
combinations of canonical axes one through four; however, no 
additional information was obtained nor were the among-locality 
relationships further elucidated. These graphs are therefore not 
given here. 

In females (Fig. 28) southeastern and eastern U. S. populations 
are fairly well separated on the basis of being dark colored, short 
winged, and narrow billed. Western samples are not as distinctly 
separable from north-central U. S. and Canadian samples as in males, 
but the western females do lie in the direction of pale color. Tarsi 
appear relatively shorter in northern samples. From the univariate 
comparisons bill length is known to be greatest in northwestern and 
southeastern populations, and lowest in the central and western 
plains. The decrease in bill length in western and central popula- 
tions and the increase in southeastern populations is indicated in 
Figure 28, but the particular configuration of localities in this view 
does not allow the trend of increase in northwestern populations 
to be evident. 

The fact that 13.6 per cent of the among-locality variation is 
described by points along the third canonical axis suggests that a 
trivariate scatterdiagram of the first three axes would do somewhat 
better in assessing relationships among groups than the simple two- 
dimensional plot. In Figure 29 it may be seen that there is further 
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Fic. 28. Canonical variates analysis of 28 samples of female Red-winged 

Blackbirds. The mean for each sample is plotted on the first and second 

canonical axes, describing a total of 61.2 per cent of the among-group varia- 

tion. Characters VC and DC are ventral and dorsal color, respectively. For 
further explanation see Figure 27. 


separation of eastern and western samples on the basis of variation in 
wing length, bill width, and bill length. Likewise, there is a greater 
distance between extreme northern samples (Locs. 1, 3, 5, and 8) 
and Loc. 51 in Colorado than is suggested in the 2-D plot. Other 
combinations of axes one through four did not further elucidate 
among-group relationships and are therefore not presented here. 

In females, as in males, one general impression from this multi- 
variate analysis of geographic variation is that throughout central 
North America variation in morphometric characters shows gradual 
change from one area to the next. Two factors which may allow a 
high rate of gene flow among populations are (i) the absence of 
major geographic barriers to dispersal, and (ii) the fact that the 
birds are widespread, abundant, and migratory, thus increasing the 
probability of dispersal from the breeding grounds in which a bird 
was fledged. 
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Fic. 29. Trivariate scatterdiagram of localities on first, second, and _ third 
canonical axes for females. This view describes a total of 74.8 per cent of 
the among-locality variation. For further explanation see Figures 27 and 28. 


II. Factor Analysis 


Methods 

In a previous section on correlations between characters, it was 
mentioned that certain characters are highly intercorrelated in 
their patterns of geographic variation. Factor analysis may be used 
to reduce a large number of correlated variables into a smaller 
number of minimally correlated variables called “factors.” This 
procedure reduces a large-dimensional phenetic hyperspace into a 
“factor space” with fewer dimensions, the factor space being gen- 
erally not difficult to analyze in terms of variation in the original 
variables. Factor analysis is a common analytical tool in psycho- 
logical research, and has recently enjoyed use in studies of insect 
behavior (Sokal and Daly, 1961; Sokal et al., 1961) and systematic 
and evolutionary biology (Gould, 1967; Jameson et al., 1966; Rohlf 
and Sokal, 1962; Sokal, 1962; Sokal and Rinkel, 1963; Sokal and 
Thomas, 1965; Thomas, 1968). A number of methods are described 
in Harman (1960), and Seal (1966) cites several applications in 
biology. 

The basic data matrix on which factors are extracted is a single 
character correlation matrix. In the present study the character 
correlation matrices in Table 15 were analyzed separately for males 
and females. These matrices show the correlation between charac- 
ters over the localities using the locality means as data. Heart and 
body weights were not included owing to insufficient data. With 
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ones placed in each diagonal element of the two matrices the first 
step was to calculate eigenvalues and eigenvectors using the method 
of principal axes. Based on the number of eigenvalues greater than 
1.0, two factors were selected for males and three for females. 
Estimates of communalities were then placed in the diagonal ele- 
ments of the correlation matrices and factors re-extracted iteratively 
five times until estimates of communalities stabilized. The factor 
matrices are rotated to simple structure using the mass modification 
of Thurstone’s analytical method (MTAM) developed by Sokal 
(1958). MTAM is an oblique solution which allows correlations 
among factors, rather than an orthogonal solution which stipulates 
that all factor axes are uncorrelated with one another. Finally, for 
each factor, factor scores (S) are calculated for each locality by 
solving the equation 
S = YF da WB gy pores Paka 

where Y,, .. ., Yn are standardized means for n characters at a 
particular locality, and F,, . . ., F, are factor loadings or the stan- 
dard partial regression of each character on a particular factor. 
To each score 10 was added in order to remove negative numbers. 
Factor scores are mapped and trends of variation noted. 

Sums of Square Simultaneous Test Procedure (Gabriel, 1964) can 
be carried out on the factor scores in a manner similar to the pro- 
cedure in a preceding section on univariate comparisons if an 
estimate of the pooled within-group error sums of squares is avail- 
able. Mean square error terms were calculated for each factor by 
solving the matrix problem involving f factors and c characters 

E = F'WF 

where F’ is the transpose of F, the f X c matrix of standard partial 
regression coefficients of each character on each factor, or “factor 
loadings” (Table 21). and W is the c xc pooled within-group 
correlation matrix. The error terms are the diagonal elements e.. 
of the f < f matrix E. The critical sums of squares is calculated as 
described earlier (p. 30), substituting e.. for MS. Maximal non- 
significant subsets were then calculated by using factor scores as 
locality means. 


Results 


The primary pattern matrices for interlocality correlations (Table 
21) are the standard partial regression coefficients of each character 
on each factor. On factor I of both males and females, bill height, 
width of the lower mandible, and width of the upper mandible 
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TABLE 21.—Primary Pattern Matrices for Interlocality Product-moment 
Correlation Matrices. 


Factors 
Males Females 
Character 

1 II I II III 
ONG Gis sir ha cl oes riess Bete > 66 | —.3l .70 | —.23 43 
Bilheighiawexss ee ieee .92 .06 .89 .09 25 
Lower bill width.............. .90 12 oh l 27 | —.14 
Wiper billswidth.!. 5... ¢:..-..< 22. .90 .09 .87 .09 —.17 
Marsuslengtheset at. eeccse oe ot 18 .30 .02 — .38 
Mailiengthe joc ee 04 .83 | —.06 .98 13 
Wing length (primary)........ .23 .88 sll! .95 .08 
Wing length (secondary)...... .10 .96 Bai hss .83 —.15 
IB paulet: Color. ooce sciepac <'sc o s s — .27 Bae reat ceteatheets | sueahe eee cleo aka 
Wentralcolorsacmn rire fot 5 corse aeons tie ieee am eel: 10 .05 97 
DMorsalicolonas wesc eterseis Ss Sheet esis... |. PSS oe —.01 .06 1.03 
Correlations among 1.00 .16 1.00 yf —.14 
Primary axes .16 1.00 aD Yh 1.00 —.17 


have the highest loading of any of the characters. Thus, factor I 
appears to be a general “bill thickness factor.” Variation of factor 
scores (Fig. 30) shows a gradual decrease from north to south and 
from west to east, which correlates exactly with the patterns of 
variation of each of the three characters taken separately under 
univariate comparisons. 

Factor II for both males and females appears as a “flight feather 
factor” as indicated by the high loadings of tail length, wing length 
to the longest primary feather, and wing length to the first secondary 
feather. Factor scores are highest in the western plains, decrease 
gradually through Canada and the northern plains, and are lowest 
in the central, eastern, and southeastern plains of the U. S. (Fig. 31). 
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MALE FACTOR 1 = FEMALE FACTOR I 


r = 


Fic. 30. Map of variation in locality scores for factor I (bill thickness factor) 

of males (left) and females (right). Factor scores were calculated as indi- 

cated in the text. In this and subsequent figures 10.0 was added to each 
score in order to remove negative numbers. 


MALE FACTOR II —a49 17.2 FEMALE FACTOR 11 


Fic. 31. Map of variation in locality scores for factor II (feather factor) of 
males (left) and females (right). 
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A third factor for females shows high loadings by ventral and 
dorsal color. Factor III, or the “female color factor,” tends to vary 
as expected from the univariate 
comparisons, with highest scores 
occurring in the southeastern 
plains, lowest values in the cen- 
tral-western plains, and _inter- 
mediate values in the north and 
through Canada (Fig. 32). 

The only character that varied 
independently of the factors was 
bill length, which had moderate 
loadings on almost all factors. 
From univariate comparisons it is 
known that epaulet color in 
males does not exhibit a mean- 
ingful pattern of variation and 
that in males and females varia- Fic. 32. Map of variation in locality 
tion in absolute tarsus length is “°° sae eter ad color 
nonexistent. 

Factor analytical procedure has reduced interlocality variation in 
nine and ten characters for males and females, respectively, to three 
independent patterns of variation. Three major evolutionary modes 
are revealed as well if this variation reflects genetic variation rather 
than differential phenotypic modification due to environmental 
variables. Although the possible adaptive significance of variation 
has been discussed in detail under the discussion of univariate com- 
parisons, it may serve well to briefly mention some of these points 
again. First, variation in bill thickness likely reflects morphological 
adaptation to interlocality differences in diet and feeding habits. 
Second, flight feather variation may reflect interlocality size variation 
or independent selection through environmental factors, such as 
the density of the vegetation, which would place locally different 
demands on the flight apparatus. And, third, female color variation 
may be related in part to variation in background color and the 
demands for crypticity. 


COMMENTS ON TAXONOMY 


The area covered by my study includes parts of the ranges of 
three recognized subspecies: Agelaius p. phoeniceus in the eastern 
plains of the United States, A. p. fortis in the western plains of the 
U. S., and A. p. arctolegus in the north-central plains of the U. S. 
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and through Canada (Fig. 1). Agelaius phoeniceus fortis Ridgway 
(1901) was separated from A. p. phoeniceus (Linnaeus) on the 
basis of being larger in size and having a shorter, thicker bill. 
Agelaius p. arctolegus Oberholser (1907) was believed separable 
from A. p. fortis on the basis that females were darker and that 
males had shorter wings and tails, larger bills, and paler wing 
coverts (epaulets). The subspecies arctolegus was supposedly 
separable from the nominate race by having longer wing and tail, 
and longer and thicker bill. Taverner (1939) expressed the opinion 
that racial size differences between arctolegus and phoeniceus were 
not consistent enough to allow recognition of an individual out of its 
geographic range, and that arctolegus should not be accorded formal 
taxonomic recognition. Bent (1958: 159) noted problems in separat- 
ing fortis and arctolegus. In Ontario, Canada, fairly good mor- 
phometric separation of arctolegus in the north and west from 
phoeniceus in the southeast correlates with spatial isolation along 
the Pre-Cambriam Shield in central Ontario, where little suitable 
breeding habitat exists (Snyder and Lapworth, 1953). 

From the results of my analysis of geographic variation in Red- 
winged Blackbirds of central North America I think it is biologically 
erroneous to sustain the arbitrary boundaries and phenetic over- 
simplifications implicit in subspecific nomenclature for these pop- 
ulations. 

The results of univariate and multivariate analyses have verified 
that variation is gradual throughout the area. This is probably due 
to the absence of major geographic barriers to dispersal, the general 
mobility of individuals, and the existence of widespread and abun- 
dant habitat. Males and females are dimorphic but show the same 
general trends as follows: bill long and thick in northwestern Alberta 
and through much of central Canada, remaining as long or becom- 
ing slightly shorter but decidedly thinner in the southeastern 
and eastern plains of the U. S. and shortest and of moderate thick- 
ness in the western plains of the U. S.; a definite clinal decrease 
in widths of upper and lower mandibles from north to south 
and from west to east; wing and tail longest in the western 
plains region of Colorado, Wyoming, and Montana, becoming 
slightly shorter in western Canada, decreasing gradually through 
central Canada and the eastern plains, and shortest in the south- 
eastern plains region of eastern Kansas, Oklahoma, and Missouri; 
weight not well documented but existing data show clinal de- 
crease from northern Alberta to Oklahoma (data are lacking 
from the western plains); absolute tarsus length invariant but 
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relative to body weight (data are lacking from the western 
plains) is shorter in northern Alberta and increases to Oklahoma; 
male epaulet color invariant; female dorsal and ventral color darkest 
(widest bands or greatest concentration of melanin, or both) in areas 
of high rainfall in the southeastern plains, becoming lighter through 
Canada, and palest in the arid regions of the central and western 
plains. Females are much smaller than males in all dimentional 
characters; per cent differences range from about 11 to 19 per cent 
depending on the character. The above is a general survey of trends 
that does not take into account numerous local divergences and wide 
individual variation. 

In a model check-list of the birds of central North America I 
would like to see a paragraph such as the preceding one in place 
of subspecies accounts for the Red-winged Blackbird. Since the 
currently recognized subspecies do not accurately reflect the details 
of variation, and the boundaries between such are arbitrary, com- 
paratively little systematic information is conveyed by descriptive 
accounts that imply the existence of three forms. The erection of 
new subspecies would likewise be futile. There is no way apparent 
to me that the subspecies concept can logically describe or account 
for the variation as it exists. Owen (1963) suggested a descriptive 
paragraph in lieu of an account of subspecies following his study on 
geographic variation in the Screech Owl (Otus asio). Although the 
foregoing paragraph is simplified as regards intraspecific variation, as 
any summary must be, it is not as oversimplified as the current intra- 
specific nomenclature would have it, nor does it require the arbitrary 
establishment of boundaries. 
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SUMMARY 


This study details geographic variation in the Red-winged Black- 
bird (Agelaius phoeniceus) in central Canada and the central 
prairie region of the United States. The results are based on fifty- 
four samples (“localities”) of males and forty-eight of females, with 
a total of about 1,850 specimens. 

Fourteen male and ten female samples were chronologically 
heterogeneous and allowed comparisons of adult birds for chrono- 
logical variation within localities. The results suggested exclusion 
of certain specimens owing in part to post-mortem color changes, in 
part to inadequate specimen preparation, and possibly in part to a 
recent phenotypic shift. Several samples allowed comparison of 
first-year with adult birds, with the results of excluding first-year 
males in analyzing bill length and epaulet color, and excluding 
first-year males and females in analyzing tail length, wing length to 
the longest primary feather, and wing length to the first secondary 
feather. No geographic variation was found in degree of difference 
between yearlings and adults, and in fact the two age classes are 
correlated in their patterns of variation. 

Univariate comparisons were made using Gabriel’s “Sums of 
Squares Simultaneous Test Procedure,” a method of multiple com- 
parison analysis of variance. Males and females are dimorphic but 
show the same general trends of variation. Bills tend to be long 
and thick in northwestern Alberta and through much of central 
Canada, remain as long or become slightly shorter but decidedly 
thinner in the southeastern and eastern plains of the U. S., and are 
shortest and of moderate thickness in the western plains of the U. S. 
A definite clinal decrease in widths of the upper and lower man- 
dibles occurs from north to south and from west to east, as evi- 
denced by a strong positive relationship between isophane and bill 
width. Although no direct evidence is available for Red-winged 
Blackbirds, it seems most likely that variation in bill size and shape 
is due to differences in food and feeding habits. At localities from 
which weights of birds were recorded, it was found that bill width 
varies independently of body size. Wings and tails are longest in the 
western plains region, become slightly shorter in western Canada, 
decrease gradually through central Canada and the eastern plains, 
and are shortest in the southeastern plains. In the U. S. there is a 
negative relationship between wing and tail lengths and the amount 
of rainfall in the breeding season. Long winged and long tailed 
birds are found in the drier, more open country of the western 
plains, and short winged and short tailed birds are more common 
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to humid, more forested areas. Weight is not well documented but 
my existing data show a clinal decrease from northern Alberta to 
Oklahoma. Absolute tarsus length is invariant, but in relation to 
weight is relatively shorter at higher latitudes and longer in more 
southerly localities. This may relate to the maintenance of an 
efficient surface/volume ratio, as predicted by Bergmann’s and 
Allen’s rules. Male epaulet color is invariant—due, perhaps, to 
sexual selection. Slight variations in female color roughly conform to 
Gloger’s rule. In the U. S. color is positively related to the amount 
of rainfall. Females are darkest in areas of high rainfall in the 
southeastern plains, become lighter through Canada, and are palest 
in the arid western plains. This may relate to selection for crypticity 
and the role of females in care and feeding of young. Bill height 
and widths of the upper and lower mandibles are highly correlated 
with one another in their patterns of variation, as is each to body 
weight. Tail length and primary and secondary wing lengths also 
share a high degree of intercorrelation and are highly correlated 
with body weight as well. There are no patterns or trends of geo- 
graphic variation in the degree of sexual dimorphism for the several 
characters. 

A multivariate analysis using canonical analysis considered all 
characters simultaneously and assessed the among-group relation- 
ships. Factor analytical procedure reduced highly correlated vari- 
ables to single “factors” and summarized the major trends of vari- 
ation. The gradual nature of variation in all characters suggests 
considerable interpopulation gene flow in central North America. 
Finally, taxonomic conclusions are discussed. 
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INTRODUCTION 


Carphophis vermis (Kennicott) is a small, fossorial snake (PI. 1, 
Fig. 1) which may be found in abundance during the spring be- 
neath large rocks along limestone outcrops in northeastern Kansas. 
In spite of the fact that populations of this species, or its eastern 
relative C. amoenus, are readily available over much of the east- 
ern half of the United States, the ecology of Carphophis is almost 
completely unknown. 

During the warm months from September 1964 through October 
1967, field studies of the worm snake based on mark and recapture 
methods were conducted in northeastern Kansas. When snakes 
were in hibernation, studies were concentrated on preserved speci- 
mens of both C. vermis and C. amoenus, and in late summer of 1965, 
several laboratory experiments were conducted with living snakes 
from local populations. Designation of C. vermis as a full species 
in this report is based on earlier conclusions (Clark, 1968). 

The objectives of the study were to describe the ecology and 
life history of C. vermis and compare these with similar data for 
C. amoenus which are available in the literature or obtainable 
from preserved specimens. Hopefully this report will help clarify 
the ecology, evolution and structure of fossorial reptiles in general. 
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Materials and Methods 


Specimens of Carphophis vermis were collected at various sites in Douglas 
and the nearby counties of Jefferson, Leavenworth, Johnson, Franklin, Jack- 
son and Wyandotte in northeastern Kansas during the warm months (April 
through October) from September 1964 through October 1967. Data were 
recorded concerning sex, snout-vent length, tail length, weight, reproductive 
condition, parasites, wounds or scars, anomalies of scutellation, stomach con- 
tents, umbilical scar, and other incidential features. 

In April 1965, worm snakes were found to be abundant along a segment 
of limestone outcrop on the Theodore R. Wiggins farm adjacent to the Uni- 
versity of Kansas Natural History Reservation and intensive study on this 
area began. Landmarks were established by numbering many of the larger 
trees and assigning names to certain large rocks. After examination and 
marking, each specimen was returned (usually the same day but occasionally 
on the following day) to the rock under which it had been found. If a snake 
had been caught and marked previously, the distance between the two capture 
points was measured in the field. Out of 153 worm snakes marked and re- 
leased on the Wiggins Area, 36 were recaptured a total of 50 times. On the 
Reservation, five of 87 specimens that were marked were each recaptured 
once. 

Beginning in April, 1966, all specimens collected on areas other than 
the Wiggins Area and Reservation were marked and introduced into a 
wooded hillside with limestone outcroppings on the Fred A. Ramseyer farm 
one-half mile north of the Reservation. Of 604 specimens introduced during 
1966 and 1967, 88 were recaptured 104 times. Data concerning movements 
and growth of these introduced snakes have been compared with similar 
data from resident individuals on the Wiggins Area and Reservation. 

On April 21, 1966, aerial photographs of the Wiggins and Ramseyer Areas 
were taken. Maps (Figs. 1 and 2) with a scale of two feet to one millimeter 
were made from these photographs and allowed accurate determination of 
distances between points of capture. 

Funnel traps (Pl. 1, Fig. 2) of a type previously described (Clark, 1966a) 
were used extensively on the Ramseyer Area and Reservation and on a small 
scale on the Wiggins Area. In 1965, six traps were operated at three sta- 
tions on the Wiggins Area from July through October and concurrently 47 
traps were maintained at 25 stations on the Reservation. Throughout the 
1966 season, ten traps were used at seven locations on the Wiggins Area, 
20 traps were placed at 20 stations on the Ramseyer Area and 73 traps were 
operated at 39 locations on the Reservation. During the 1967 season, trapping 
was discontinued on the Wiggins Area while 38 traps were used at 38 sta- 
tions on the Ramseyer Area and 85 traps were operated at 44 stations on the 
Reservation. Traps yielded totals of nine captures on the Wiggins Area, 55 
captures on the Ramseyer Area, and 26 captures on the Reservation. Worm 
snakes have decreased in number on the Reservation since grazing was dis- 
continued in 1948 (Fitch, pers. com.) and numbers sufficient for intensive 
study are no longer present. Trapping there was directed principally toward 
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the abundant ringneck snake (Diadophis punctatus) in connection with other 
studies. Traps were used primarily with drift fences on the Reservation, but 
on the Wiggins and Ramseyer Areas most were set adjacent to large rocks 
where snakes were intercepted as they travelled along them. 

Marking was done by using small scissors to excise portions of one posterior 
ventral scute and two subcaudal scutes on each specimen. Details of the method 
were given by Fitch (1963a:360-361). If part of a scale or scales in the first 
row of dorsals was removed along with the lateral end of the ventral or sub- 
caudal, the mark remained obvious because one continuous scale formed in the 
excised area thereby altering the normal pattern of sutures. If only one scute, 
or part of one, was removed, the completely regenerated dermis and epidermis 
were occasionally quite similar to that before marking. 

Preserved worm snakes examined in detail included 279 C. vermis from the 
University of Kansas Museum of Natural History, and 202 C. amoenus from the 
United States National Museum, Field Museum of Natural History, University 
of Illinois Museum of Natural History, Illinois Natural History Survey, and the 
University of Kansas Museum of Natural History. Standard scale counts and 
measurements were taken from these specimens as well as measurements of 
head width and eye diameter and notation of the presence or absence of anal 
ridges. Internally, lengths of testes or ovarian or oviducal follicles were mea- 
sured, presence or absence of spermatozoa in the vasa deferentia or oviducts 
was noted, and undigested stomach contents were removed for later study. 

Used alone in this report, the terms amoenus and helenae refer to the eastern 
and western subspecies of Carphophis amoenus. 

Statistical methods are those of Simpson, Roe, and Lewontin (1960) unless 
stated otherwise. Means ordinarily are given with one standard error, and no 
other value is presented after the plus or minus sign. Levels of statistical 
significance are indicated by asterisks: one indicates a level less than 5 per 
cent but not less than 1 per cent, two indicate less than 1 per cent but not 
less than 0.1 per cent, and three indicate a level less than 0.1 per cent. 


Study Areas 


Concerning the topography of Douglas County, Kansas, Fitch (1954:37) 
said, “River valleys, of the Kaw [= Kansas] and Wakarusa and their tributaries, 
with deep alluvial soil, alternate with flat or rolling upland some two hundred 
feet higher in elevation, and having shallow, rocky soil. Where the uplands 
slope to the valley floors, there are steep hillsides, usually with extensive lime- 
stone outcrops along their upper slopes.” Wooded areas of limestone outcrop 
(Oread formation) contain most of the habitat for worm snakes in the region, 
however north facing slopes are unique due to absence of direct sunlight and 
generally lack reptiles. 

A more detailed account of these slopes and their tree species as represented 
on the University of Kansas Natural History Reservation was given later by 
Fitch and McGregor (1956:92-93), “The slopes between the hilltops and the 
valleys are almost everywhere wooded, but the aspect of the woods changes 
from place to place. Subdivisions on a vertical scale, might be recognized as 
follows: the upper limestone outcrop (Plattsmouth member) at the hilltop; 
the usually steep slope strewn with rocks, between the upper and Jower 
(Toronto) limestone outcrop; the lower limestone outcrop; an almost level 
terracelike formation often approximately 50 feet wide a few feet below the 
level of the Toronto limestone; the slope below the terrace, variable in steepness, 


92 UNIVERSITY OF KANSAS PuBLs., Mus. Nat. Hist. 


exposure and soil type, and usually several times more extensive than the first 
four subdivisions combined. Along both the upper and lower outcrops, elms 
and hackberry are especially prominent. Chestnut oak is abundant along the 
outcrops and on the rocky slope between them in some situations. Ash grows 
abundantly on some upper slopes but there are few growing on the upper 
outcrop. On the terrace, elm, ash, hackberry, honey locust, coffee-tree and 
black oak are abundant. . . . Even greater differences in the local aspect 
of woodland on the hillsides are caused by slope exposure. On south facing 
slopes, especially, the woodland is noticeably different from that in other 
situations, and of more xeric aspect. The climax species, Quercus Muehlen- 
bergii, Q. rubra, Q. velutina and Carya ovata are almost totally absent. Such 
trees as are present are of small to medium size. They are mostly red elm, 
American elm, walnut, honey locust, hackberry, and osage orange, with dog- 
wood (Cornus Drummondii) and plum (Prunus americanus) forming dense 
thickets.” 

The Wiggins Study Area is on the Theodore R. Wiggins farm in northeastern 
Douglas County, Kansas, six and one-half miles north northeast of the Uni- 
versity of Kansas campus at Lawrence and six-tenths of a mile northwest of 
Reservation headquarters. It consists of an east facing slope (1.15 acres) 
which was studied intensively, joined at its southern limit by a southwest 
facing slope which was less productive of specimens and less frequently visited 
(Fig. 1). Plate 2 presents photographs looking north from the southern end 
of the east facing slope which show the upper outcrop and the slope below 


Fic. 1. Map of the Wiggins Study Area traced from an aerial photograph. 
Hatched line indicates limestone outcrop; solid circles and other small symbols 
indicate landmarks. Scale at upper left equals 20 feet and arrow points north. 


the lower outcrop. The lower outcrop is mostly hidden by soil and evidenced 
only by an abrupt change in relief and scattered rocks. Hackberry (Celtis occi- 
dentalis) and osage orange (Maclura pomifera) are the most common trees with 
black walnut (Juglans nigra), American elm (Ulmus americana), and mulberry 
(Morus rubra) also present. Coralberry (Symphoricarpos orbiculatus), goose- 
berry (Ribes missouriense), and lemonade plant (Rhus trilobata) are common 
shrubs. Other abundant plants are poison ivy (Rhus radicans), Virginia creeper 
(Parthenocissus quinquefolia) and frost grape (Vitis vulpina). This area is 
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grazed moderately by dairy cattle and undergrowth is sparse. Grazing seems to 
render such areas more suitable for worm snakes, but whether it is due to en- 
richment of the soil and greater densities of earthworms, reduction of root mats 
and greater ease in burrowing, or some other factor or factors is unknown. 
The Ramseyer Study Area is located on the farm of Fred A. Ramseyer in 
Jefferson County, Kansas, nine-tenths of a mile north northeast of Reservation 
headquarters. The area (Fig. 2) is a south facing slope of 1.97 acres with both 
upper and lower limestone outcrops well defined (PI. 3). The statement by 


Fic. 2. Map of the Ramseyer Study Area traced from an aerial photograph. 
Hatched lines indicate limestone outcrops; solid circles and other small symbols 
indicate landmarks. Scale at upper left equals 20 feet and arrow points north. 


Fitch and McGregor (1956:93) concerning the size of trees on south facing 
slopes is supported and they are generally smaller than on the Wiggins Area. 
Hackberry, shagbark hickory (Carya ovata), and chestnut oak are the most 
common tree species with American elm, redbud, and black walnut also present. 
Osage orange and mulberry were not noted. Shrubs and smaller plants are 
similar to those on the Wiggins Area. The Ramseyer Area is grazed lightly 
and undergrowth is sparse, however an adjacent fenced area suggests that 
undergrowth is naturally less luxuriant than on the east slope of the Wiggins 
Area. Worm snakes were already present before my introduction of specimens, 
but their numbers were small as evidenced by the fact that only 26 resident 
individuals were recorded during two years of collecting while approximately 
four times that many were recorded on the smaller Wiggins Area in the same 
interval and without extensive trapping. The lower population density may be 
related to the more xeric conditions of south slopes, with east or west slopes 
being the best suited for worm snakes locally. 

Two areas on the Reservation, which supported large worm snake popu- 
lations prior to suspension of grazing and development of dense undergrowth, 
were apparently much like the Wiggins and Ramseyer Areas (Fitch, 1954:40- 
41). Unusual among areas with large populations of Carphophis vermis is 
one located 1.2 miles south of Pleasant Grove in Douglas County, Kansas. It 
is a north-south ravine with limestone outcrops at the top along both east 
and west sides. As seen in Plate 4, there are few trees and the dominant 
plants are grasses which grow luxuriantly. Both worm snakes and skinks 
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(Eumeces obsoletus) are abundant under rocks along the outcrops. Large 
stumps and dead trees such as the one illustrated indicate the area was once 
wooded, but their condition also suggests this was many years ago. This 
area indicates that rich, well drained soils in association with rocks as cover 
may be primary requisites of worm snake habitats, and that trees are not 
essential. The dense stand of grass—like trees—may shade the ground, re- 
duce evaporation, and thereby conserve moisture required by worm snakes. 


MORPHOLOGY 
Scutellation 


Characteristics of the scalation of Carphophis vermis include: dorsal scales 
smooth and in 13 rows over entire body; upper labials typically 5-5, lower 
labials typically 6-6; loreal present, supraoculars 1-1, postoculars 1-1, nasals 
1-1; paired internasals, prefrontals, and parietals present; anal plate divided. 
The cephalic scutes are illustrated in Figure 3. The mean number of ventrals 
in 92 males from Kansas is 131.4 + 0.33 (range 124-138); 89 of these males 
had complete tails and the mean number of subcaudals is 35.8 + 0.23 (range 
28-41). The number of ventrals in 88 females from Kansas is 140.6 + 0.32 
(range 131-148); mean number of subcaudals for 84 of these is 28.2 + 0.17 
(range 25-31). 

Specimens of Carphophis amoenus helenae typically lack internasals, and 
the number of ventrals is significantly lower than in vermis; the number of sub- 
caudals is similar. The mean number of ventrals in 34 male helenae from 
Illinois is 123.5 + 0.54 (range 117-129); mean number of subcaudals for 33 
of these is 36.7 + 0.33 (range 33-41). Twenty-five females from Illinois have 
an average of 132.0 + 0.63 ventrals (range 126-137); 24 of these specimens 
give a mean number of subcaudals of 28.4 + 0.46 (range 24-34). 

Scale patterns of Carphophis amoenus amoenus are similar to those of 
helenae except that internasals typically are present as in vermis. The mean 
number of ventrals in 30 males from Virginia is 122.0 + 0.58 (range 114-127), 
while the average of 30 counts of subcaudals is 37.2 +0.38 (range 33-41). 
The mean number of ventrals for 23 females from Virginia is 129.1 + 0.64, 
while the average of 23 counts of subcaudals is 28.5 + 0.38 (range 25-33). 

Comparison of the scutellation of Carphophis vermis with that of the small, 
locally abundant, secretive but non-fossorial ringneck snake (Diadophis puncta- 
tus arnyi) shows that the ringneck has more rows of dorsal scales, more upper 
labials, more lower labials, more preoculars, more postoculars, more nasals, 
more ventrals and more subcaudals. In no type of scute does Carphophis have 
the greater number. Dowling (1959:41), in discussing the absence of the 
ocular scale in certain highly modified burrowing snakes, stated that its dis- 
appearance “. . . is functionally important in allowing further smoothing 
of the body surface in a critical area. Its absence does away with the crevices 
around the eye where dirt collects in those burrowing species that retain the 
brille (e. g., Carphophis, Cemophora, Farancia, which are often plowed up 
from burrows apparently of their own making), and thus offer more resistance 
to being pushed through the soil.” Loss of the brille represents an evolutionary 
stage well beyond Carphophis; however, Dowling’s hypothesis is reasonable for 
the general reduction in numbers of scales found in fossorial snakes. Every 
suture or space between scales could increase friction with the soil against 
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Fic. 3. Head scutellation of an adult female Carphophis vermis (KU 117482) 
collected in Jefferson County, Kansas. Vertical line represents two mm. 


which it moved and also provide an opening where soil particles could lodge 
further increasing friction and in some instances leading to infections such 
as commonly seen in specimens of Carphophis vermis kept in the laboratory. 
Of course reduction in numbers of scales could not proceed to the point of 
interference with the flexibility of the integument required for such activities 
as feeding. 


Skull and Dentition 


The skull of Carphophis vermis (Fig. 4) does not show profound modifica- 
tion for fossorial habits; however, enlargement of the premaxillary, lateral ex- 
pansion of the nasals dorsally, and shortening of the quadrate all have occurred 
and probably are modifications for life underground. Differences in structure 
of the skull among vermis, helenae, and amoenus were not noticed although 
only cursory comparisons were made. The periotic labyrinth of vermis was 
studied by Baird (1960:926-930). 
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Fic. 4. Skull of a female worm snake (KU 117480) of nearly adult size col- 
lected in Douglas County, Kansas. Vertical line represents two mm. 


Numbers of teeth (or vacuities representing teeth recently shed) on the 
four dentigerous bones tend to increase from amoenus to helenae to vermis 
(Table 1). Significant differences exist between vermis and the two subspecies 
of amoenus in numbers for the dentary and maxillary. Apparently teeth are 
shed continuously because each specimen had several empty sockets and teeth 
were seen frequently in samples of cloacal material from living vermis. 


Coloration 


Coloration of worm snakes was described in detail by Wright and Wright 
(1957:106, 109, 110). Briefly, typical specimens of helenae and amoenus are 
brown dorsally and light pink ventrally, whereas vermis is black dorsally and 
bright pink or red ventrally. Frequently hatchlings of helenae and amoenus 
are vividly colored like vermis and there is some evidence that such coloration 
may persist in adults in the western part of the range of helenae, although 
distribution records indicate that present-day gene-flow from vermis to helenae 
is unlikely (Clark, 1968). A single specimen of vermis with a brown dorsum 
was collected during the present study. 

Typically, the light color of the belly extends onto the first or second row 
of scales at midbody in helenae and amoenus and onto the third row in vermis. 
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TasBLE 1.—Tooth Counts from Five Skulls of Each Kind of Carphophis That 
Had Been Cleared and Stained. All Four Bones Are Paired, Hence the Sample 
Size Is Ten in Each Instance. Specimens of vermis Are from Douglas, Jefferson 
and Anderson Counties, Kansas, helenae Are from Monroe County, Illinois, 
and amoenus Are from Breathitt County, Kentucky, New Kent County, Virginia, 


and Prince George and Baltimore Counties in Maryland. 


vermis helenae amoenus 
Mean and Mean and Mean and 
range t range t range 
Wentanvir oc. Seek 1836063) 2.268" |) 1741-£0. 35 1126065) 16.3=0. 42 
(16-23) (15-19) (14-18) 
Maxillaryes. ..c-4.: 10.9+0.24 | 2.827*| 10.0+0.26 | 0.346 9.9+0.18 
(10-12) (9-11) (9-11) 
alatineras sec 13402264) W274. (14. =O 5" |) 2.079) ||) 12.7=0-49 
(12-15) (12-17) (10-15) 
Pierye ordre. vane. - 17.8+0.33 | 2.019 | 16.7=0.49 | 1.903 | 15.5+0.48 
(16-19) (14-19) (13-18) 


No exceptions are known to me in helenae or amoenus but they have been noted 
in vermis (Clark, 1968). 

Allard (1945) reported finding an aberrantly colored specimen of amoenus 
in Arlington County, Virginia. The adult female lacked brown pigment and 
the normal pink of the belly extended over its entire body. Simmons and Stine 
(1961) recorded an abnormally colored hatchling of amoenus obtained from 
an egg laid by a female from Anne Arundel County, Maryland. The hatchling 
was “ light brownish-yellow with a light cream colored venter. The 
eyes were also light yellow in color. The snake was an example of partial if 
not complete xanthism.” Whether the severe dehydration suffered by the eggs 
during incubation played a role in producing the abnormal coloration is un- 
certain although this possibility is discounted by the authors. 

During the present study an albino specimen of amoenus from Montgomery 
County, Maryland, was noted among snakes borrowed from the United States 
National Museum. The snake, an adult male (USNM 145372), was collected 
in 1959 by E. R. Oklesson at Damascus and appears normal except in coloration. 


Hemipenis 


The single, subcylindrical hemipenis of Carphophis vermis (Fig. 5) ap- 
pears capitate in median view because the distal one-third is set off from 
the rest by a groove. On the lateral side the ends of the groove turn distally 
and do not meet. The distal third is ridged and appears calyculate; however, 
the ridges have papillae which are largest at the apex. Disc-like depressions 
contain the ends of the forked sulcus spermaticus. The proximal two-thirds 
of the organ are covered with spines. There are three large basal spines, 
two situated close together on the median-posterior area of the base and a 
third located on the anterior area of the lateral side. Among five specimens 
from Douglas, Jefferson, and Jackson counties in Kansas, the origin of the m. 
retractor penis magnus ranges from the level of subcaudals 25-29 (mean, 
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Fic. 5. Median (with sulcus spermaticus) and lateral views of the right hemi- 
penis of an adult Carphophis vermis (KU 117484) from Douglas County, 
Kansas. Vertical line represents two mm. 


27.4 + 0.67). Length of the hemipenis in these specimens ranges from sub- 
caudals 5-7 (mean, 6.2 + 0.37). 

Hemipenes of five specimens of helenae from Monroe and Calhoun Counties 
in Illinois and Decatur County in Tennessee are similar to those of vermis 
except that the spines on the lateral surface of the proximal two-thirds tend 
to form rows parallel to the long axis. Also, the organ is more elongate and 
lengths range from the seventh to eighth subcaudal (mean, 7.6 + 0.22) which 
is significantly longer than the value for vermis, t= 3.210*. The m. retractor 
p. magnus originated at the level of subcaudals 25-29 (mean, 27.4 + 0.67), 
which is identical with that for vermis. : 

The intromittent organs of five amoenus from Anne Arundel, Prince George, 
and Baltimore counties in Maryland are similar to those of vermis except that, 
as in helenae, the spines on the lateral surface are in rows. Also as in helenae, 
the organ appears more elongate than in vermis; however, it is not significantly 
longer in relation to subcaudals reaching to the level of the sixth or seventh 
(mean, 6.6 + 0.22) in each instance, t=0.917. This mean is significantly 
less than that obtained for helenae, t = 4.476**. The m. retractor p. magnus 
originates at the level of subcaudals 27-30 (mean, 28.0 + 0.55), and this 
value does not differ significantly from that obtained for vermis and helenae; 
t= 0692: 

If removed from the specimens, the hemipenes of helenae and amoenus 
could be separated more easily from that of vermis than from each other. 


Maximum Size 


The largest individual collected was a female from Jefferson County, Kan- 
sas, which measured 320 mm. in snout-vent length. If the tail had been 
complete, this specimen might have measured 365 mm. in total length. Even 
then it would have been shorter than a specimen of 375 mm. reported by 
Anderson (1942:209). The largest male came from Jackson County, Kansas, 
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measured 297 mm. in snout-vent length, and had a complete tail of 57 mm. 

Among 579 living vermis the largest 10 per cent of the males (29 individ- 
uals) had an average snout-vent length of 272 mm. while the corresponding 
figure for the largest 10 per cent of the females (29 individuals) was 306 mm. 
Similar treatment of measurements from 278 preserved vermis yielded means 
of 234 mm. for males and 277 mm. for females. These figures indicate a de- 
crease in size of 14 per cent in males and nine per cent in females accompany- 
ing preservation. Because snakes are routinely “fixed” in preservative in a 
“relaxed” condition, and living specimens must be stretched before measuring 
until the vertebral column is straight, such differences are to be expected. In 
addition, preservatives may cause shrinkage of tissues. 

Among 90 preserved specimens of helenae, the largest 10 per cent of the 
males (5 individuals) have an average snout-vent length of 216 mm. The 
same figure for four females is 250 mm. A series of 115 preserved specimens 
of amoenus gives comparable means of 223 mm. for seven males and 241 mm. 
for five females. Combined data indicate vermis is largest and that the two 
subspecies of amoenus are more similar to each other than either is to vermis. 


Proportions 


The width of the head of preserved worm snakes was measured to the 
nearest tenth of a mm. at its widest point (approximately the level of the 
posterior margins of the parietals) using a dissecting microscope and ocular 
micrometer. These measurements were converted to percentages of snout- 
vent length (Fig. 6); curves for males tend to lie above curves for females. 
Means of relative width of head were computed from these data (Table 2). 
In each instance, the head is relatively wider in males than in females, t values 
are 4.924*** for vermis, 2.671** for helenae, and 0.871 for amoenus. Why 
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Fic. 6. Width of head relative to snout-vent length in preserved specimens of 

Carphophis. Samples include 68 males and 47 females of amoenus, 47 males 

and 43 females of helenae, and 142 males and 136 females of vermis. In 

vermis every third record was plotted. Solid circles indicate males, open circles 
indicate females. 
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TaBLeE 2.—Width of Head as a Percentage of Snout-vent Length in Preserved 
Worm Snakes. 


Mean of head 


width as per e 
cent of snout- t Range N 


vent length 


Males 
DENIS tore eae etre 2.90 +0.038 2.0-4.4 142 
1.283 
helenden ae eee 3.00+0.072 2.353" 23-415 47 
0.643 
GMOCNUS sg & oa 2 wet 3.06 +0.059 J 2.1-5.0 68 
Females 
DETINIS ee 2.58 +0.053 Weil e 136 
1.018 
helenae aseeskenee 2.69+0.091 3.700*** 1.9-4.5 43 
PANG (ahs 
QMOCTUULS eke 2.97 +0.090 1.9-4.9 47 


the difference is not significant in amoenus is not known but sampling error 
is suspected. Statistical tests (Table 2) show that relative width of the head 
tends to decrease from amoenus to helenae to vermis in both sexes. Implica- 
tions of these data concerning burrowing habits within the genus are dis- 
cussed below. 

Diameter of the right eye from anterior to posterior limits of the brille was 
measured with an ocular micrometer. Measurements were converted into 
percentage of head width and plotted against head width (Fig. 7). Unlike 
width of the head relative to snout-vent length, there is no difference between 
sexes in diameter of the eye; t values are 0.865 in vermis, 0.939 in helenae, 
and 1.255 in amoenus. Means and statistical tests indicate that vermis has a 
smaller eye than helenae and amoenus (Table 3). Implications of these data 
concerning burrowing habits are discussed below. 


Sexual Dimorphism 


Blanchard (1942:14-15) pointed out that in Diadophis a more distinctive 
character of sexual difference than either the numbers of ventrals or sub- 
caudals is the number of ventrals minus the number of subcaudals, because 
males have fewer ventrals and more subcaudals than females. Data obtained 
similarly from worm snakes (Fig. 8), reveal no overlap between values for the 
sexes, although overlap might occur if sample sizes were increased. These dif- 
ferences have evolved probably in conjunction with relative proportions of body 
and tail in adults; however, unlike relative length of tail they do not show 
increasing dimorphism with age. 

Differences in relative length of tail between male and female vermis 
are illustrated in Figure 9. Data for helenae and amoenus were similar but 
are not illustrated. The increase in divergence with age results from a strong 
tendency in males for the tail to increase relative to snout-vent length and 
a weak, though similar tendency in females. Data from the adult specimens 
(Table 4) show marked and complete separation of the sexes; coefficients of 
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Fic. 7. Diameter of the eye in relation to width of head in preserved speci- 

mens of Carphophis. Samples are the same as those of Figure 6. In vermis 

every third record was plotted. Solid circles indicate males, open circles 
indicate females. 


divergence ( 100) are 35.8 in vermis, 36.0 in helenae and 34.3 in amoenus. 
In both males and females the tail becomes relatively shorter clinally from 
amoenus to helenae to vermis with highly significant differences between 
vermis and helenae and between vermis and amoenus, whereas differences be- 
tween helenae and amoenus are not significant. 

Sexual dimorphism in width of head relative to snout-vent length, and in 
maximum size were described earlier. Dimorphism in the occurrence of anal 
ridges is discussed later in connection with attainment of maturity by male 
worm snakes. 


Adaptation for Fossorial Habits among Worm Snakes 


Indirect evidence indicates that Carphophis vermis is more fossorial than C. 
amoenus. Dates of collection of museum specimens show vermis to be more 
restricted to April and May in its activity (where collectors get it) than are 
helenae and amoenus. This suggests that vermis spends relatively more time 
well below the surface of the soil. These data are presented in detail in a 
later section. The subdued colors of helenae and amoenus appear better suited 
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TaBLE 3.—Diameter of the Eye as a Percentage of Width of Head in Preserved 
Worm Snakes. 


Mean of eye 


diameter as t Range N 
per cent of 
head width 
Males 
VETS eee: 17.9+0.15 13.3-23.1 142 
By tey Be 
helenae... 0.-.0: 19.7+0.28 4.688*** 16.0-25.0 47 
1.304 
QMOCNUS A ee oe 19.2+0.25 15.0-25.6 68 
Females 
VET INS thse ch he 18.1+0.18 13.3-26.2 136 
Bea UD tts 
helenae..........; 19.3+0.32 1.705 15.1-22.9 43 
1335 
GINOETUS om eis chaise) 18.7+0.31 J 12.8-23.1 47 
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Fic. 8. Distributions of numbers of ventral scutes minus subcaudal scutes from 

museum specimens of Carphophis._ Samples include 136 male and 128 female 

vermis, 50 male and 44 female helenae, 66 male and 46 female amoenus. 
Hatched areas represent males, stippled areas represent females. 
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Fic. 9. Length of tail as a percentage of snout-vent length versus snout-vent 

length in preserved specimens of Carphophis vermis. Sample sizes were 136 

males and 128 females, however only every other record was plotted. Solid 
circles indicate males, open circles indicate females. 


TaBLE 4.—Length of Tail as a Percentage of Snout-vent Length in Preserved 
Worm Snakes. Samples Include Only Sexually Mature Specimens. 


Mean of tail 


length as a a 7 
percentage of t Range N 
snout-vent 
length 
Males 
MERMUIS eM es at As 20.4+0.16 17.4-23.0 61 
UB04*** 
Relendes. Bate 22.6+0.26 410.764*** 20.6-24.6 24 
1O1n | 
CMOCTAULS Eien iar 22.9+0.17 J 20.3-25.7 49 
Females 
UCTINUS His ae eee 14.2+0.11 12.0-16.7 73 
6.014*** 
iClende we air cys: 15.7+0.27 eae 12.2-18.4 24 
1.345 | 
aMOeENUS.......... 16.2+0.25 ) 13.9-18.1 22 


as camouflage than the bright and contrasting coloration of vermis, suggesting 
that individuals of the former crawl on the surface more often. 

Table 2 contains data showing that vermis has the narrowest head, relative 
to snout-vent length, of the three snakes. Presumably this allows the head 
to enter smaller crevices and provides for greater leverage by the body when 
the head is used as a wedge. Data in Table 3 show that vermis possesses the 
smallest eyes relative to width of the head. Presumably this indicates decreased 
importance of the eye in vermis in association with more fossorial habits. 
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A positive correlation between sexual dimorphism in length of tail (relative 
to total length) and degree of development of fossorial habits was suggested 
elsewhere (Clark, 1966b). In the present study, length of tail relative to 
snout-vent length in adult specimens yielded coefficients of divergence ( 100) 
of 35.8 for vermis, 36.0 for helenae, and 34.3 for amoenus. Although the value 
for vermis is not largest, it is similar to, and probably not significantly different 
from, the largest value. The data from which these coefficients were derived 
(Table 4) indicate that both males and females of vermis have the shortest 
tails relative to snout-vent length. Short tails are probably advantageous in 
burrowing because lateral flexing can be restricted more readily, thereby al- 
lowing the tail to serve as an anchor for support of forward thrusts of the 
head and body. 

In summary, data concerning seasonal cycles of activity, coloration, relative 
width of the head, relative diameter of the eye, and relative length of the tail 
all suggest that vermis is the most fossorial member of the genus Carphophis. 
Differences between helenae and amoenus are less distinct, but loss of the in- 
ternasal-prefrontal suture in helenae suggests that it may be more specialized 
for burrowing than is amoenus. 


DISTRIBUTION 


The geographic range of Carphophis was mapped by Wright and Wright 
(1957:105) and by Conant (1958:330). However, recent data (Brandon, 
1966; Clark, 1968) require slight modifications of these earlier maps (Fig. 10). 
Intergradation between the eastern worm snake (C. a. amoenus) and the mid- 
west worm snake (C. a. helenae) in eastern Kentucky has been described by 
Smith (1948), Barbour (1950a, 1950b, 1960), and Bush (1959). In addition, 
series of specimens from southern Ohio (Conant, 1951) and extreme north- 
eastern Mississippi (Ferguson, 1961) indicate that intergradation occurs in 
these areas. Nevertheless, areas of mixing are poorly defined and additional 
studies, particularly in eastern Tennessee and Alabama, are needed. For this 
reason, I have not attempted to delineate zones of intergradation within C. 
amoenus. 

A second problem is the origin of an isolated population in Erie County, 
Ohio. Conant (1951:214) proposed that it was started inadvertently by man, 
and Smith (1957:210) suggested it might be a relict left behind as the range 
of this species retreated south after a northerly advance during an especially 
warm interglacial period. 

Factors related to precipitation probably limit westward dispersal of 
Carphophis. Roughly speaking, the eastern deciduous forests terminate in 
eastern Kansas, but if such forests were the only requisite, Carphophis might 
occur farther west than it does in such areas as southern Oklahoma. As de- 
scribed more fully in a later section, seasonal activity becomes more concen- 
trated in April and May from east to west in the range of worm snakes. Such 
restriction could become limiting to worm snakes before the existence of 
deciduous forests became impossible. 

The absence of both vermis and helenae from the alluvial plain of the 
Mississippi, and the restriction of vermis to areas west of the River except 
for Calhoun, Hancock, and Adams counties in western Illinois have been re- 
viewed elsewhere (Clark, 1968). Southern extension of vermis into Louisiana 
may be limited by replacement of deciduous by coniferous forests. 
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300 miles 


Fic. 10. Geographic range of the genus Carphophis. Stippling indicates C. 
vermis and cross-hatching indicates C. amoenus. 


To the north, factors related to reduced input of solar energy probably de- 
termine the limits of the range of Carphophis. However, distributions in 
Illinois, Indiana, and Ohio are displaced south of those in Nebraska and Penn- 
sylvania and suggest by their outline that materials left by late Pleistocene 
glaciers render these areas unsuitable. 

In Georgia, worm snakes are not found below the Fall Line (Neill, in litt.). 
The principal reason may be Jack of sufficient drainage in the soils. Fossil 
vertebrae of Carphophis amoenus have been described from Citrus, Marion, 
and Alachua counties of Florida (Holman 1958:278; Auffenberg, 1963:166, 
Lynch, 1965:77). These specimens date from periods of glacial advance and 
represent times when sea level was lower and soils in the Southeast were prob- 
ably better drained than at present. 

It is noteworthy that the ranges of vermis and amoenus are centered on 
areas of uplift and include principally land above 200 feet in elevation while 
most of the range of helenae is below 200 feet. 
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HABITAT 


General 


The Wiggins Area is excellent habitat for Carphophis vermis and because 
its general features were discussed and compared with those of other areas ear- 
lier, this need not be done here. Detailed accounts of the habitat of vermis were 
published by Dice (1923:52), Clarke (1958:14, 35) and Fitch (1958:117), 
and numerous brief notes concerning the subject were summarized by Wright 
and Wright (1957:111). Many brief observations on the habitat of helenae 
and amoenus have also been published (see summaries by Wright and Wright, 
1957:109, 106); the most extensive accounts were given by Blanchard (1926: 
373) and Minton (1944:452) for helenae and by Corrington (1929:69) and 
McCauley (1945:54-55) for amoenus. Judging from the literature, habitats are 
similar in all three worm snakes with fallen and decomposing logs probably 
more important in the habitats of helenae and amoenus than they are in those 
of vermis, whereas the opposite seems true of rocks. Slope is often mentioned 
in regard to all three and probably reflects a need for well-drained soil. 

Data gathered in the present study allow quantification of several features 
of the habitat of Carphophis vermis in northeastern Kansas. 


Amphibian and Reptile Associates 


During visits to the Wiggins Area records were made of time spent search- 
ing and number of individuals of each species of amphibian and reptile ob- 
served. Such data allow estimates of relative abundance. Total counts for all 
species are shown in Table 5. In terms of numbers of individuals this com- 
munity has four principal species: narrow-mouthed toad, Gastrophryne 
olivacea; five-lined skink, Eumeces fasciatus; worm snake; and ringneck snake, 
Diadophis punctatus. Similar data presented by Clarke (1958:44) reveal 
differences in the community to which Carphophis belongs even though his 
study area was only 45 miles southwest of the Wiggins Area. The three 
species Clarke found most often associated with worm snakes were Eumeces 
fasciatus, Diadophis punctatus, and Thamnophis sirtalis; he found no speci- 
mens of Gastrophryne olivacea. Clarke (1958:45) stated “A large degree of 
association was exhibited by members of the Oak-Walnut Hillside Forest 
Community: Diadophis punctatus, Carphophis amoenus [vermis], and Eumeces 
fasciatus. In each instance the association was over 50 per cent. On 80 per 
cent of the occasions that Diadophis was observed, Eumeces fasciatus was also 
noted; and when Carphophis was seen, Diadophis was also seen 80 per cent 
of the times, and Eumeces fasciatus on 84 per cent of the occasions. 

The relative monthly abundance of the four most common species on the 
Wiggins Area is shown in Figure 11. March records refer to a single hour 
of searching in one year and thus are of questionable value. The reasons for a 
bimodal curve are in part different for Diadophis than for the other three. Un- 
published data accumulated at the Reservation show Diadophis to be wide- 
ranging and a common inhabitant of grasslands during the summer months, 
and the sudden drop in frequency of observations of ringnecks in May is 
probably due primarily to their moving out into other areas while the rise in 
October is due to their return. Changes in frequency of the other three are 
due to either reduced activity as in estivation, or confinement of activity to 
levels below the soil surface. 
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TasLeE 5.—Total Numbers of Amphibians and Reptiles Observed on the 

Wiggins Area During 91 Hours and 5 Minutes of Searching in 1965, 1966, 

and 1967. Recaptures Are Included in Counts for Carphophis. Individuals 
Caught in Traps Are Excluded. 
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Fic. 11. Number of specimens of Carphophis vermis, Diadophis punctatus, 
Gastrophryne olivacea, and Eumeces fasciatus observed per hour of searching 
on the Wiggins Area during the 1965, 1966, and 1967 seasons. Total hours of 
searching in each month are 1, 26.25, 22.5, 15.33, 3.67, 2.25, 9.75 and 10 


respectively. 


Size of Rock versus Snout-vent Length 


On the Wiggins Area estimates were made of length, width, and thickness 
of the rocks under which 89 male and 99 female worm snakes were found. 
These data allow testing of the impression gained while collecting that larger 
snakes tend to secrete themselves beneath larger rocks (Fig. 12). Note that 
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Females 
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Fic. 12. Snout-vent lengths of secreted worm snakes versus area covered by 
the concealing rocks. See text for further explanation. 


area covered by rocks, and not volume, is used. The data for females suggest 
small individuals are restricted to small rocks, whereas large females may also 
be found under large rocks. To test this hypothesis the midpoints in observed 
ranges of area and snout-vent length were located and their intersection 
marked. Then the ratio of snakes above the range midpoint of rock area to 
those below for individuals shorter than the range midpoint of snout-vent 
length was tested against the same ratio for individual longer than the range 
midpoint of snout-vent length. In females the ratios are significantly different, 
chi-square equals 4.05 *, but in males they are not different, chi-square equals 
0.657. No plausible reason is evident for the difference between sexes. 
Using all three estimated dimensions for each rock, volumes were calcu- 
lated and these were plotted against snout-vent length and tested in the same 
way as were areas. The graphs appeared to indicate the same tendency for 
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small snakes to be more restricted; however, neither chi-square (1.98 for 
females, 0.509 for males) was significant. 

The meaning of the significant results for females (Fig. 12) is not known. 
Perhaps large females tend to remain longer (in relation to smaller females ) 
in those situations created by rocks which cover relatively large areas than they 
do in those created by smaller rocks. Or there may be preference by small 
snakes for small rocks, or finally the data could indicate only that small snakes 
are not physically strong enough to get under larger rocks which generally are 
settled well into the soil. The final proposal seems unlikely because if true 
a higher degree of probability would be expected in tests using volumes than 
those using areas of cover because volume is more closely correlated with 
weight. Of the two remaining theories, the first seems more likely because 
those specimens regularly secreting themselves under especially large (though 
not necessarily thick) rocks are more likely to survive to large size. 


Levels of Soil Moisture 


On 47 occasions during the study a soil sample was collected where a worm 
snake was lying beneath a rock. Samples were sealed in jars to be weighed, 
oven dried, and weighed again within the following week. From these data the 
per cent of water in the original sample was calculated. Frequencies of various 
moisture levels are summarized in Figure 13; snakes were most often associated 
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Fic. 13. Frequencies of various levels of soil moisture among 47 samples col- 
lected beneath rocks where worm snakes were concealed. Samples were col- 
lected in Douglas and adjoining counties in northeastern Kansas. 


with levels between 21 and 30 per cent. The distribution is skewed to the 
left probably due to specimens being unable to escape high moisture levels 
by burrowing because deeper soils are often equally wet or wetter; on the 
other hand extremely dry surface soils could be avoided by moving deeper in 
the soil. Mean values for 26 males and 21 females were 33.8 + 1.96 (range 
17.6-57.8) and 31.5 + 3.26 (range 18.2-73.5) respectively. The difference is 
not significant, t = 0.640. 

When records for specimens less than 200 mm. in snout-vent length are 
separated from those of larger individuals, the means obtained are 37.8 + 3.65 
(range 25.5-73.5) and 30.9 + 2.00 (range 17.6-62.1) respectively; t is large 
(1.729) but not statistically significant. The data have been subdivided ac- 
cording to months (Table 6) and this test repeated several times. Note in 
four of five instances the higher mean refers to the smaller specimens. Even 
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though none of the differences is statistically significant, there appear to be 
real differences in moisture levels with which small versus large worm snakes 
are associated. Presumably, this is because smaller individuals are more subject 
to desiccation. 

In a laboratory study (Clark, 1967), six adult vermis were placed in a 
terrarium with four samples of soil ranging in moisture content from approxi- 
mately 14 to 30 per cent but otherwise identical. Twenty-seven subsequent 
recoveries of individuals which had burrowed beneath the surface gave a mean 
for moisture content for the frequented soils of 25+ 1.3 per cent. This was 
thought to be an underestimate of the optimum level, but Figure 13 indicates 
it may be accurate. 


Soil Type 


In Douglas and adjoining counties of northeastern Kansas, areas which sup- 
port populations of Carphophis vermis have black, clay-loam soils which are 
friable when they contain between 10 and 30 per cent water by weight. 
This is the common soil type in northeastern Kansas; however, patches of light- 
brown clay occasionally were noted on these areas, particularly where slope 
increases immediately above the characteristic lower outcrop. Such soils are 
cohesive and seemed to be avoided by worm snakes, 

In laboratory experiments (Clark, 1967), seven worm snakes showed 
significant association with black clay-loam soil when it was tested against 
sand, against a half-and-half mixture (by volume) of black clay-loam and 
sand, and against a half-and-half mixture of black clay-loam and partially de- 
composed sawdust. 


TEMPERATURE RELATIONSHIPS 


Records of cloacal temperature, substrate temperature and air temperature 
were obtained with a Schultheis thermometer for 42 specimens of Carphophis 
vermis. Snakes were held by tip of the tail and head to prevent absorption 
of body heat from the investigator. After a snake’s temperature was recorded, 
the rock under which it was found was raised again and the bulb of the 
thermometer inserted into the soil where the snake had lain. Finally air 
temperature was measured in shade approximately three feet above the rock. 
Unfortunately it was difficult to take temperatures of small specimens without 
grasping the body near the vent, hence 34 (81%) of the records are from adult 
specimens and the remainder are from large juveniles. Nearly all readings were 
taken in the morning and most prior to 10 a. m. 

Mean body temperature for 19 males was 17.7 +1.10° Centigrade (range 
9.9°-23.4°) while the average for 23 records from females was 18.8 + 0.83° 
(range 10.3°-23.8°) and the difference between means is not significant (t = 
0.798). The total sample of 42 yielded an average of 18.3 + 0.67° (range 9.9°- 
23.8°). Fitch (1956:457) obtained a mean of 26.4° (range 19.0°-31.7°) for 
20 worm snakes concealed under rocks. This distinction (18.3° versus 26.4°) 
resulted because Fitch collected most of his records in late morming or after- 
noon. Although the specimens in my sample appeared capable of all ordinary 
movements, only individuals collected in the afternoon made quick, darting 
attempts to escape. 

Means of body temperature were computed for different months (Table 7). 
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TaBLE 7.—Monthly Averages of Records of Cloacal Temperature Taken from 
Worm Snakes in Douglas and Adjoining Counties of Northeastern Kansas. 
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The difference between means for May and June is highly significant 
(t= 3.745 ***), illustrating that presence of the animals was not associated 
with any single body temperature. 

The mean of the 42 corresponding records of substrate temperature was 
17.5 + 0.65° (range 9.6°-25.5°) which is not significantly different from the 
mean of body temperatures (t = 0.852). Correlation between body and sub- 
strate readings is highly significant (r= 0.9699 ***). The mean of the 42 
corresponding air temperatures was 18.1 +0.68° (range 9.4°-26.0°) which 
obviously is not different from mean body temperature. Correlation between 
body temperature and air temperature is also highly significant (r= 0.90- 
90 ***); however, the difference between the two correlation coefficients is 
also significant (t= 2.500*). This is to say, the correlation with substrate 
temperature is significantly stronger than that with air temperature. The data 
suggest a lack of behavorial regulation of body temperature at the tempera- 
tures recorded. 

On three occasions worm snakes were found on the surface of the soil 
and active. Unfortunately no body temperatures and only one air tempera- 
ture (25.4°) were recorded. An individual taken from a trap October 1, 1965 
had a cloacal temperature of 8.6° but was capable of slow lateral undula- 
tions and could have crawled away to shelter. In this connection, Fitch (1956: 
457-458) reported a worm snake with body temperature of 3.5° and capable 
of only “feeble” crawling motions. Fitch (loc. cit.) also noted that for Car- 
phophis vermis on the Reservation “Average and maximum body temperatures 
were markedly lower than those of any other kind of reptile studied.” Clarke 
1958:28) summarized records of air temperature collected in Osage County, 
Kansas for 22 species of reptiles and the mean for Carphophis of 57.6° Fahren- 
heit (14.2° C) ranked the lowest. 

In a laboratory study (Clark, 1967) seven worm snakes were confined in a 
cage with a temperature gradient and yielded 31 records averaging 23.0 + 0.75° 
(range 14.4°-30.8°). This value with that of Fitch given earlier suggests the 
range chosen by worm snakes is centered near 24°. A narrow range seems 
unlikely in a small reptile which lives primarily below the surface of the soil 
where body temperature must remain similar to that of the surrounding 
medium. In this situation short-term fluctuations of temperature are damp- 
ened and seasonal rather than daily changes may be more important to activity 
in this species. Remaining active throughout the season normal for reptiles 
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probably requires adaptation to a wide range of temperatures. Movements 
involved in locomotion and food getting need not be quick, a fact which would 
permit broadening of the range by depression of the lower limit. 


ACTIVITY CYCLES 


Seasonal 


McColloch and Hayes (1923) demonstrated a close relationship between 
seasonal overturns of temperature gradients in the soil and the depth at which 
certain kinds of beetle larvae were found. Data gathered at Manhattan, Kan- 
sas (approximately 70 miles west of the Wiggins Area) using thermometers 
placed at depths of one, two, three, four, five and six feet revealed a complete 
overturn of soil temperatures in mid-March and another during the last week 
of October. Coincident with the overturns were vertical migrations of the in- 
sects. It is plausible that worm snakes respond similarly and thus temperature 
may be the proximal factor controlling duration of the season of activity. 
Control may be largely mechanistic since in spring when the overturn occurs, 
an individual which moves higher in the soil becomes warmer and therefore 
capable of greater activity, while in late October movement downward in- 
creases the potential for activity. The overturn dates given by McColloch and 
Hayes are compatible with my estimates of beginning and end of the activity 
season (April 1 to October 20) based on experience in collecting at the soil 
surface, 

Seasonal activity at or near the soil surface in vermis, as indicated by num- 
bers of individuals found per hour of searching on the Wiggins area, is sum- 
marized in Figure 11. Values rise from zero in March to 3.3 in April, then 
decrease uniformly (May 2.4, June 1.9, July 0.8) to zero in August; September 
and October have values of 0.6 and 0.5 snakes per hour. Activity is con- 
centrated in April, May, and June, and other data presented below suggest a 
high rate of success in catching earthworms during this period and during 
September. In spring, conditions of moisture and temperature seem optimum 
for breakdown of leaf litter from the previous autumn and this may cause 
concentration of earthworms at the surface. As the season progresses, surface 
layers tend to dry out and are moist at infrequent and unpredictable intervals. 
Also nutrients from leaf litter are used by biotic agents or dispersed by abiotic 
factors. On the whole, surface layers appear to become less optimum for 
earthworms. 

Data based on known amounts of search time are not available for helenae 
and amoenus. However the seasonal distribution of museum specimens in 
samples of these two snakes, and in a sample of vermis have been plotted 
(Fig 14). Assuming the effort spent in searching was distributed similarly 
for all three throughout the season, comparisons may be made among them. 
Carphophis vermis appears unique in that 88 per cent of the specimens were 
collected in the interval from March through May while similar figures for 
helenae and amoenus are 53 and 44 per cent, respectively. These data may 
reflect an east to west increase in concentration of moisture in upper layers of 
the soil during April and May. Of 172 specimens recorded by Clarke 
(1958:24) in Osage County, Kansas (approximately 45 miles southwest of 
the Wiggins Area) 161 or 94 per cent were noted in the March through May 
interval. 
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Fic. 14. Distribution according to date of collection of museum specimens of 


worm snakes. Samples include 249 Carphophis vermis, 80 C. amoenus helenae 
and 96 C. a. amoenus selected initially without reference to month of collection. 


Concerning hibernation sites, Grizzell (1949:231) in Maryland found a 
specimen of amoenus 24 inches below the surface of the soil on February 8. 
Neill (1948:110) reported that specimens of amoenus in Richmond County, 
Georgia hibernate “In tiny tunnels beneath rocks, a foot or two beneath the 
surface.” 

Daily 

At 7:55 a.m. on June 11, 1966, a specimen of Carphophis vermis was 
found on leaf litter on a southwest facing slope below a limestone outcrop in 
Leavenworth County, Kansas. The snake had a snout-vent length of 295 mm. 
and was gravid with three eggs. Weather was clear, but the sun was not 
high enough to strike the ground below the outcrop. Air temperature was 
estimated at 70° to 75° F. On June 19, 1966, at 11:30 a.m. a worm snake 
was captured as it crawled at the edge of a large rock on the Ramseyer Area; 
it had been marked and released 46 days earlier. The snake had a snout-vent 
length of 267 mm. and was gravid with three eggs. Sky was clear, and the air 
temperature was estimated at 75° to 80° F; sun flecks covered between 10 and 
20 per cent of the forest floor. A third record of a worm snake crawling on the 
surface was obtained May 7, 1967, at approximately 3:00 p.m. The specimen, 
an adult female 274 mm. in snout-vent length, was captured by Robert R. 
Fleet on the Ramseyer Area where it had been released eight days earlier. 
The sky was clear, and the air temperature was 78° F. 

Whether there is significance in the fact that all three specimens were adult 
females or the fact that two of three were gravid is not known. These records 
do indicate that movement over the surface may occur at any time during 
daylight hours within certain temperature extremes. 

Five specific instances of worm snakes wandering exposed on the surface of 
the soil have been reported in the literature. Blanchard (1926:373) discussed 


helenae in Indiana and stated “. . . on the next day a juvenile . . 
was found . . . in the wheel rut of a shaded road.” Cooper (1956:21) 
reported a specimen of amoenus in Maryland found “. . . by Mr. J. Fulton 


Lewis crawling on his lawn . . . in the afternoon . . .” Langebartel 
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(1947:27) collected a specimen of vermis in Hancock County, Illinois “. . . 
at 10 p.m. on July 17, 1945, crossing a forest path.” Linsdale (1927:78) 
found a specimen of vermis in Doniphan County, Kansas “. . . on wet 
leaves on the ground near a spring on the lower part of the bluff on June 
297. . .” Smith (1956:223) in reference to vermis in Kansas stated, “Prob- 
ably it is nocturnal; I collected a specimen in Cherokee County at night as it 
crawled on the gravel banks of a creek.” Mr. Max A. Nickerson (in litt.) stated 
that on “. . . 14 June 1967, between 10:00 and 11:00 p.m., two 
Carphopis amoenus [C. vermis] were discovered crawling (separately) on 
the surface of dew-covered leaf litter, among sparse vegetation, at the base 
of a large limestone bluff near Warsaw, Benton Co., Missouri.” 

The data as a whole indicate both diurnal and noctural habits. Over much 
of the habitat observed by me, worm snakes could move freely through leaf 
litter during daylight with little risk of being seen by predators. It may be 
that movement above ground is controlled primarily by temperature and only 
secondarily by light and dark periods. 


BURROWING BEHAVIOR 


To facilitate observation of worm snakes while they were burrowing, a 
cage was constructed of two glass panels held nine-sixteenths of an inch apart, 
with inside dimensions of twenty-four and ten inches. Detailed notes were 
made concerning burrowing behavior of two specimens of C. vermis on three 
days. Casual observations were made on many occasions. 

Worm snakes burrow apparently by searching out the route of least re- 
sistance through the soil; they have no physical or behavioral traits which 
allow penetration of compacted soil. The snout or entire head is forced into 
an available crevice and either rotated from left to right (and back) in a 
horizontal plane, rotated vertically in teeter-totter fashion with the fulcrum at 
about the level of the eye, or rolled from side to side along its long axis. All 
of these movements and various combinations were used to enlarge an original 
opening and allow passage of the animal. A burrowing individual does not 
progress smoothly and continuously through the soil but proceeds in “steps.” 
The head and neck are extended forward (in part by movement of the body 
within the skin) where a purchase is obtained and then the remainder of the 
animal is pulled forward. An individual can progress backward in a similar 
manner although this was observed less often and apparently was done only to 
free the head for progress in another direction. The tips of the tongue appear 
frequently during burrowing. 

At rest beneath the soil, specimens were seen merely to stop where they 
were and make no attempt to contract the body into a compact mass. Burrows 
of a single individual alone in the cage became numerous within 24 hours, 
with new ones apparently being made almost continually. 


MOVEMENTS* 


During the study, 844 individuals of C. vermis were marked and released— 
153 on the Wiggins Area, 604 on the Ramseyer Area, and 87 on the Reserva- 


* While the present paper was in press, the following article dealing with a 
similar aspect of the ecology of worm snakes was published: Barbour, R. W., 
M. J. Harvey, and J. W. Hardin. 1969. Home range, movements, and activity 
of the eastern worm snake, Carphophis amoenus amoenus. Ecology, 50:470-476. 
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TasLeE 8.—Summary of Recapture Records for Carphophis vermis. 


. Wiggins | Ramseyer | Reserva- 
Times recaptured ata aan fee Total 
ONE se. eee os Renee: 29 75 5 109 
ANON Asters Te ee On aan: 3 10 0 13 
BEIT CC spears patct hostess vs eet store ene 1 3 0 4 
1 0) 1 ne eed Sapa yg ee ye Fe 3 0 0 3 
Wotalsndividuals:...0-s06- ste cone 36 88 5 129 
Total recapture records........... 50 104 5 159 


tion. Of those released on the Ramseyer Area, 580 had been captured at 
other localities in Douglas, Jefferson, Leavenworth, Johnson, and Franklin 
counties of Kansas. Of the total 844 individuals, 129 were recaptured 159 
times. A summary of these data is given in Table 8. Four recapture records 
were omitted from the analyses; three of them were of individuals resident 
on the Ramseyer Area and one record was from an individual on the Reserva- 
tion which was released away from its capture site. 

From the data obtained, I attempted to determine the extent of normal 
movements and how it is correlated with sex and age, what inferences can be 
made concerning home range, and how displacement of the snakes into an 
unfamiliar area affects their normal pattern of movements. Recaptures were 
obtained by trapping and by collecting by hand on the Ramseyer Area but 
only by collecting by hand on the Wiggins Area and Reservation; thus the 
results obtained by the two methods on one area must be compared (Table 
9) before comparing results from the two areas. None of the tests yielded 
significant t values and the differences between means formed no consistent 
trend, hence it was decided that probabilities for greater accuracy lay with 
larger sample size and trapping records were combined with records from hand 
collection in composite samples. 

Tests comparing records of natural residents with those of introduced in- 
dividuals are summarized in Table 10. Records exceeding 160 feet were 
excluded from this table as well as from Tables 9, 11 and 12 because such 
records appear discontinuous from all others (Figs. 15 and 16). For intro- 
duced males, the two records within 60 days after release may represent move- 
ment stimulated by marking while the two records of approximately 300 days 
might represent shifts in home range. One resident female moved 258 feet 
and it seems probable that males may move as far. Certainly the data as a 
whole do not indicate any well defined trend for distance to increase in- 
definitely as a function of time, hence it seems that individuals remain within 
limited areas—home ranges—for extended periods. 

Evidence presented in Table 10 shows that introduced worm snakes move 
farther than natives; the case is strongest for females and is most easily in- 
terpreted when graphed (Figs. 15 and 16). Introduced females show ex- 
tended movements shortly after release while resident females do not. When 
snakes were released in unfamiliar surroundings on the Ramseyer Area, many 
soon undertook unusually long movements but later some of these same in- 
dividuals became established as residents. The relative importance of the 
factors of unfamiliarity and possible lowered suitability in causing abnormal 
patterns of movement is unknown. Extended movements in unfamiliar habitat 
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TaBLE 9.—Records of Movements Obtained by Trapping and by Hand Collect- 

ing from Worm Snakes Introduced on the Ramseyer Area. Counts of Days 

Exclude the Winter Period of Inactivity. Movements Exceeding 160 Feet 
Were Excluded. See Text for Further Explanation. 


Mean distance Mean number 
between points t of days between t N 
of capture (feet) captures 
Adult males 
trap-caught...... 79+16 110+20 20 
1.664 0.918 
hand-caught..... 44+13 84+20 20 
Juvenile males 
trap-caught...... 20+7 68 +62 5 
1.284 0.128 
hand-caught..... 68 +27 75 +28 9 
Adult females 
trap-caught...... 30+10 66 +26 11 
0.088 1.440 | ° 
hand-caught..... 31+6 33 +10 ae 
Juvenile females 
trap-caught...... 49+14 99 +45 7 
1.326 1.480 
hand-caught..... 26 +10 30 +10 7 


TaBLE 10.—Records of Movement by Worm Snakes Which Are Naturally 

Resident on the Wiggins Area and Reservation, Compared with Records from 

Individuals Introduced on the Ramseyer Area. See Table 9 and Text for 
Further Explanation. 


Mean distance Mean number 
between points t of days between t N 
of capture (feet) captures 
Adult males 
mestdentan ie os 49 +22 102 +45 6 
0.132 0.401 
introduced....... 46+7 88 +13 37 
Juvenile males 
resident)... 1.202. 27+9 56+18 17 
0.707 0.518 
introduced....... 38 +15 73 +29 13 
Adult females 
Mesidente eee oe 16+7 68 +26 14 
1.602 1.001 
introduced....... Sl=5 44 +11 33 
Juvenile females 
MOSIGeNt. 4. A 15+6 93 =39 16 
2.196*| 0.591 
introduced....... 38 +9 64 +24 14 
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Females 


MOVEMENT IN FEET 


100 200 300 ~ 550 
DAYS 


Fic. 15. Movement versus time in recapture records from specimens of Car- 

phophis vermis resident on the Wiggins Area (50 records) and Reservation 

(4 records). Solid circles indicate adults, open circles indicate juveniles (i. e., 

all specimens of less than mature snout-vent length). Small circles each repre- 

sent one record, whereas large circles each represent four records. Counts of 
days exclude winter period of inactivity. 


probably led to increased mortality and emigration as compared with the 
resident individuals which were marked. To test this possibility, the ratio of 
snakes later recaptured (one or more times) to the total number marked and 
released was compared between the Wiggins Area (36 to 153, 24%) and the 
Ramseyer Area (85 to 580, 15%). Chi-square is 6.917 ** and the hypothesis 
is supported although the relative importance of mortality and of emigration 
is not known. 

As a test of whether some introduced specimens became permanent resi- 
dents, the ratio of recapture records greater than a single season (203 days) 
to total recaptures was compared between resident and introduced individuals. 
The single record on the Wiggins Area which extended beyond two seasons 
with no recaptures in the intervening period was excluded because comparable 
records were lacking for introduced snakes, since the introductions did not 
begin until April 1966. The ratios are eight to 53 (15%) for residents and 12 
to 101 (12%) for introduced specimens; the difference is not significant (chi- 
square = 0.318) suggesting that some introduced snakes are as well estab- 
lished as native individuals. 

Because introduced individuals tended to make abnormally long movements, 
their data were analyzed separately, but both types of data are presented. 


| 
| 
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Fic. 16. Movement versus time in recapture records from specimens of Car- 

phophis vermis introduced on the Ramseyer Area. Solid circles represent 

adults, open circles indicate juveniles (i. e., all specimens of less than mature 

snout-vent length). Small circles each represent one record, whereas large 

circles each represent four records. Counts of days exclude winter period 
of inactivity. 


Table 11 summarizes comparisons between the sexes. There appears to be a 
trend indicating greater movement among males; however, no significant t val- 
ues were obtained. Comparisons are made between adults and juveniles in 
Table 12 and again means did not differ significantly, but the data suggest that 
adult males are more vagile than juvenile males whereas vagility does not in- 
crease with age in females. Adult males appear nearly twice as vagile as 
juvenile males, and roughly three times as vagile as females. 

On the basis of 13 recapture records from nine specimens of Carphophis 
vermis, Fitch (1958:118) speculated that “The trends of these meager data 
seem to suggest that worm snakes have no home ranges in the usual sense, but 
tend to stay for long periods in the soil at the same place, moving mainly in 
vertical planes in response to changes in temperature and moisture. Oc- 
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TasLe 11.—Comparisons of Male and Female Movement Records in Car- 
phophis vermis. See Table 9 and Text for Further Explanation. 


Resident adults 


TMA emer tae eke 


Mean distance 
between points 
of capture (feet) 


49 +22 
16+7 


27+9 
15+6 


46+7 
3dl+5 


38 +15 
38 +9 


1.876 


1.156 


1.766 


0.035 


Mean number 
of days between 
captures 


102 +45 


68 +26 


56 +18 
93 +39 


88 +13 
44+11 


73 +29 
64 +24 


t N 
6 

0.709 
14 
tlre 

0.854 
16 
37 

2.586* 
33 
13 

0.238 
14 


TasLeE 12.—Comparisons of Adult and Juvenile Movement Records in Car- 
phophis vermis. See Table 9 and Text for Further Explanation. 


Resident males 
EYoWhGs oo waeceoot 


juvenile......... 


Resident females 
adult: saa 


JUVENUG ee 


Introduced males 
adulther eee 


juvenile......... 


Introduced females 
ACUIGy ae eee 


Mean distance 
between points 
of capture (feet) 


49 +22 


27+9 


16+7 
15+6 


46 +7 
38 +15 


31+5 
38 +9 


1.134 


0.147 


0.557 


0.692 


Mean number 
of days between 
captures 


102 +45 


56 +18 


68 +26 
93 +39 


88 +13 
73 +29 


44+11 
64 +24 


t N 
6 

1.158 
17 
14 

0.511 
16 
37 

0.527 
13 
33 

0.883 
14 
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casionally, individuals may make relatively long shifts, perhaps wandering at 
random, and then may settle in new locations. There is no evidence that the 
snakes ever return from such wanderings.” However, it now seems probable 
that individuals of this species have home ranges sufficiently like those of other 
snakes for the data to be treated similarly. Although individuals spend a 
great deal of time in the soil, movements over the surface probably occur 
every few days when the snakes are active. That such moves do not carry 
individuals ever farther away from their hatching locality is suggested by 
Figures 15 and 16. In addition, a juvenile female caught and released on the 
Wiggins Area on May 23, 1965, was recaptured 12 feet from the point of 
release as an adult on October 20, 1967. Prior to this unusual record, the 
same individual had made an ordinary move of 35 feet in 14 days. Another 
juvenile female was marked and released on the Wiggins Area on April 1, 
1966, and recaptured June 27, 1967, four feet from the initial site of release. 
An adult male introduced on the Ramseyer Area on April 30, 1966, had 
moved 48 feet when recaptured after 46 days but had returned to the original 
release site when next captured on June 14, 1967. These records suggest 
long-term occupancy of small home ranges. 

Among Fitch’s records (1958:118) was one of an adult female which 
moved 410 feet in 19 days, but the longest move recorded in my study was 
288 feet by an adult male introduced on the Ramseyer Area. 

Size of home range in Carphophis vermis was calculated (Table 13) on 
the basis of distances between points of capture (Tables 9 through 12) con- 
sidered to represent radii of circular ranges. The theoretical basis for this pro- 
cedure was discussed by Fitch (1958:73). The method is advantageous in 
allowing use of records for specimens recaptured only once, whereas other 
methods requiring several records for the same individual obviously would 
exclude most of the data concerning movements gathered in my study 
(Table 8). Because most of my data concerning movements in Carphophis 
are based on individuals recaptured only once, no precise check of the ac- 


TABLE 13.—Estimates of Home Range Area in Carphophis vermis. Figures 
Are in Square Feet. See Text for Further Explanation. 


Circle- Minimum-polygon method 
radius 
method Mean Range N 
Resident males 
CVG (TTA ae en NR en et 7,543 Be ae Sete 
JUVENIe UN ak Rn. 2,290 252 SP 1 
Resident females 
SLCLUL Gea ora i i Secs 804 ee Ae ae 
HUVene see cist eaeeacee 707 222 5a 1 
Introduced males 
70 (01h ieee ne ee ae J 6,648 | 3,038+1,950 943-6 , 935 3 
BUVONIIG sess oe cron ata. 4,536 ae ae ae 
Introduced females 
SOULG Aes ae ee 3,019 417+105 264-609 3 
THERE (CAP ee en ae ee 4,536 a aoe oe 
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curacy of the circle-radius method was possible. Sufficient data were available 
for “minimum polygon” estimates of home range for eight individuals (Table 
13), but all eight polygons were triangles and therefore must be assumed to 
include areas markedly smaller than the actual home ranges of the individuals 
involved. Home ranges calculated by the circle-radius method are roughly 
two to 10 times larger than estimates by the minimum polygon method. 

Fitch estimated by the circle-radius method the size (in acres) of home 
ranges in four species of snakes in northeastern Kansas—Agkistrodon con- 
tortrix, males 24.4, females 8.5 (Fitch, 1960a:149); Coluber constrictor, males 
26.3, females 23.8 (Fitch, 1963a:389); Elaphe obsoleta, males 29, females 24 
(Fitch, 1963b:651); Thamnophis sirtalis, males 35.0, females 22.7 (Fitch 
1965:538). Compared with these species, Carphophis vermis is similar in 
that males wander more widely than females, but it is markedly dissimilar in 
that the largest estimate obtained (that for adult males) is only 0.173 acres— 
less than one one-hundredth of the smallest estimate for the males of other 
kinds of snakes made by Fitch. I did not follow Fitch’s procedure of elimi- 
nating from the computations the longest 10 per cent of movements and the 
shortest 10 per cent, but even if this procedure had been followed the mag- 
nitude of difference between the home range estimated for vermis versus those 
for other genera of snakes would remain essentially the same. 


REPRODUCTION 


Sexual Maturity and Testicular Enlargement in Males 


Sexual maturity. 540 examinations for spermatozoa were made on living 
(or recently killed) male vermis from the area of Douglas County, Kansas. 
A sample of liquid was forced from the cloaca onto a glass slide, diluted with 
saline solution, and examined with a binocular dissecting microscope (approxi- 
mately 40 x). Spermatozoa were readily recovered from adult males through- 
out the season of activity. Ninety per cent of specimens 220-224 mm. long 
were mature (Fig. 17). A closer examination of maturity among specimens 
between 205 and 225 mm. is given in Figure 18. 

Figures 17 and 18 indicate all males 216 mm. (snout-vent) or longer may 
be considered sexually mature. Of 352 records of maturity, 310 (88%) were 
for individuals 216 mm. or larger; the smallest male with sperm was 177 mm. 
(snout-vent). Greater variation in the size of attainment of maturity was 
noted in males than in females. 

Museum specimens were examined for spermatozoa by removing a segment 
of the lower part of one vas deferens and breaking it into pieces in a drop of 
water. A cover slip was applied and the slide searched for sperm with a 
compound microscope (approximately 400 x). Snakes preserved as long ago 
as 1909 contained recognizable sperm cells. A total of 139 male vermis were 
checked in this way and the results are summarized in Figure 17. For the 
preserved snakes the graph indicates 100 per cent maturity at 185 mm. snout- 
vent length. Because of smaller sample size with preserved specimens, this 
estimate must be considered approximate (+ 10 mm.). Compared with the 
value of 216 obtained for living specimens, this figure suggests that two dif- 
ferent populations are being sampled. However, the mean snout-vent length 
for sperm-bearing museum males from Douglas County, Kansas (207 + 4.06, 
N = 16) is not significantly different from the mean for sperm-bearing museum 
vermis from all other localities (201 + 3.05, N=57; t= 0.944). 
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Fic. 17. Per cent of sexually mature individuals (those having fully developed 
spermatozoa) in samples of male Carphophis vermis of increasing snout-vent 
length. Open circles indicate living or recently killed specimens from north- 
eastern Kansas; closed circles indicate museum specimens primarily from Kansas 
and Missouri; numbers are sample sizes. Living specimens shorter than 170 
mm. and preserved specimens shorter than 155 mm. all were immature. 
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Fic. 18. Incidence of maturity among living or recently killed male Carpho- 

phis vermis with snout-vent lengths between 205 and 225 mm. Diagonal lines 

represent individuals having fully developed spermatozoa, whereas open bars 

indicate immature specimens lacking spermatozoa. Each interval on the verti- 
cal axis represents one specimen. 
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The apparent difference in snout-vent length at maturity between living and 
preserved specimens is related to preservation. Living individuals were 
stretched until completely straight before measuring. Museum specimens are 
not preserved in such a stretched condition, and preservatives probably cause 
shrinkage. When snout-vent length is involved, it is important to know 
whether specimens were measured alive or preserved. 

Information regarding sexual maturity in males of helenae and amoenus 
was obtained from dissections of 46 and 68 preserved specimens, respectively. 
Because of small sample sizes, only approximations (+ 20 mm.) of minimum 
snout-vent length at maturity can be given. About 90 percent (22 of 24) of 
the mature helenae had snout-vent lengths of 178 mm. or more and about 90 
per cent (50 of 56) of the mature amoenus had snout-vent lengths of 170 mm. 
or more. 

Blanchard (1931:95-103) described the keeled dorsal scales which occur in 
the anal region of male Carphophis above a certain size and proposed that 
they be called “anal ridges.” He stated that these “. . . are sufficiently 
constant to be regarded as normally restricted to sexually mature males. 

It is possible that these ridges are more strongly developed in the spring than 
in the autumn. . . . These male sex features could well serve a function 
as [tactile] stimulating organs during the process of courtship.” This last 
theory seems reasonable, and is supported by known courtship behavior in 
related genera of snakes, but I have not observed mating in Carphophis. 
Data from 140 museum specimens of male vermis are summarized in Figure 
19, illustrating the usefulness of anal ridges as an indication of sexual ma- 
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Fic. 19. Incidence of anal ridges in samples of preserved, male Carphophis 
vermis of increasing snout-vent length. Numbers indicate sample sizes. Speci- 
mens of less than 115 mm. are not included because all lacked ridges. 
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turity. The 90 per cent level of occurrence is nearly reached in the 170 to 
174 mm. interval (well below 185 mm.), and five individuals having such 
ridges were of snout-vent lengths below the lowest at which sperm was present, 
suggesting that the appearance of ridges may precede actual attainment of 
sexual maturity. In addition, there were 26 male vermis less than 185 mm. in 
snout-vent length which had anal ridges and nine of these (35%) were negative 
for sperm. 

To determine whether anal ridges are more strongly developed in spring 
than in autumn, I compared the ratio of male vermis with ridges to those with- 
out them among museum specimens 185 mm. or longer in snout-vent length for 
the periods March through June, and August through October (no specimens 
were available for July). During the spring period four out of 56 (7%) lacked 
ridges, and during the fall period one out of six (17%) lacked ridges. The 
data do not support the theory of a seasonal change in development of the 
ridges because the difference between these ratios is not statistically significant 
(chi-square = 0.663). 

Approximately 90 per cent (78 of 87) of male vermis with ridges were 
170 mm. or longer in snout-vent length. In male helenae, approximately 90 
per cent (34 of 38) of those with ridges were 147 mm. or longer and in male 
amoenus approximately 90 per cent (50 of 55) of those with ridges were 
159 mm. or longer. 

A summary of the incidence of anal ridges in Carphophis is presented in 
Table 14. The east-to-west decrease in frequency in males (pooled data) is 
apparently significant in that the chi-square value between ratios for vermis 
and amoenus is 9.544 which is significant at the 0.005 probability level. The 
chi-squares between vermis and helenae (3.138) and between helenae and 
amoenus (2.280) are not significant, however. This clinal variation is corre- 
lated with the degree to which fossorial habits are developed as analyzed in 
the earlier section on morphology. 


TABLE 14.—Per Cent of Individuals with Anal Ridges in Museum Specimens 
of Carphophis Chosen Without Reference to Snout-vent Length. 


Blanchard Present m 
(1931) study Total 

vermis 
Rer cent of:males...6...2.-+. 40. 73 62 66 
ROO ROT CAE RTS EOP TS AEC 89 141 230 
Per cent of females............. ) 4 2 
TA EI wet ae ee ie ine 42 136 208 

helenae 
erscent of malesaasa.6a0 sean. e 71 81 76 
INR Po eee iy eee 49 47 96 
Per cent of females............. iV 19 18 
Sie teyzttebcl aes ie aecs CASH See wea 41 43 84 

amoenus 

Rericentiotmalessas8. ace ee. 88 81 84 
NTT Ce eh eee i ae Sa 58 68 126 
Per cent of females............. 0 4 2 
Bt Lp See teed sea! grips VS, 9: 59 47 106 
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The fact that a significantly larger proportion of female helenae have anal 
ridges is obvious without a statistical test; the reason, however, is not so ap- 
parent. Perhaps genes responsible for development of anal ridges in female 
helenae are more closely associated with genes responsible for characters with 
high selective values than in female amoenus or vermis. 

Testicular enlargement. Examinations of museum specimens included length 
measurements of both testes, and these data were used to find and describe 
seasonal changes. The length of the right gonad was divided by snout-vent 
length (and multiplied by 100) for all adult-size males of vermis, helenae, and 
amoenus. The right testis was used because it was the larger of the two in 
most males. Percentages were averaged for each month; results are shown in 
Figure 20. 
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Fic. 20. Annual cycle of relative testis length (as % of snout-vent length) 

in museum specimens of Carphophis of mature size (185 mm. or larger in 

vermis, 178 mm. or larger in helenae, and 170 mm. or larger in amoenus). 
Numbers indicate sample sizes. 


The graph suggests that sperm production reaches a peak in the period 
June-July-August in vermis and amoenus, and in June-July in helenae. It also 
suggests a lesser peak falling in August for amoenus, in September for helenae, 
and in October for vermis. The data for vermis are few but the differences 
between the means of July and August for amoenus and August and Septem- 
ber for helenae were tested and found significant (t= 2.319 * and 2.551 * 
respectively). Bimodality in testis length is indicated. Whether or not sig- 
nificant differences exist among the three forms in timing of the peaks of 
testicular activity is uncertain. 

To study the relative size of the testis in the three forms, the differences 
between means for April were tested. Differences between amoenus and 
vermis and between vermis and helenae are not significant (t=1.531 and 
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0.616, respectively). However, the difference between means for amoenus 
and helenae is significant (t= 2.948 *). The same relative positions for the 
three are found also in May, June, and August. Samples were large enough 
for testing in August and differences between amoenus and helenae and be- 
tween helenae and vermis are significant (t = 4.487 *** and 2.868 *, respec- 
tively). The difference between means for amoenus and vermis is not sig- 
nificant (t= 1.841). It seems that the testis is relatively largest in amoenus, 
smallest in helenae, and intermediate in vermis. 

Data concerning relative lengths of right and left testes have been sum- 
marized in Table 15; the right gonad is generally longer in both adults and 
juveniles of all three forms. 


TaBLE 15.—Relative Lengths of Left and Right Testes in Samples of Preserved 
Carphophis. All Individuals Below the Estimated Minimum Snout-vent Length 
at Maturity Were Classed as Juveniles. 


Right testis longer | Left testis longer | Testes same length 
Percent N Percent WN Percent N 


vermis 
Xdultsioeec aoe 81 Do 8 5 11 7 
Juyentlessny ee 86 63 8 6 6 4 
All specimens...... 84 116 8 11 8 11 
helenae 
‘ACultger seer ae 64 16 20 5 16 4 
Juventlesse.. .25.25 100 21 0 0 0 0 
All specimens...... 80 37 ll 5 9 4 
amoenus 
Adiltseee oe bee 88 43 10 5 2 1 
Juventles 34 .502-2 94 16 0 0 6 1 
All specimens...... 89 59 8 5 3 2 


Tests were carried out to determine whether the ratio of dominance of 
right over left was different between adults of any two of the three forms. 
Chi-square values are: vermis and amoenus, 0.099; helenae and amoenus, 
2.114; vermis and helenae, 3.217. None of the three is significant. Similar 
tests were made to determine whether the proportion of dominance by right 
over left was different between adults and juveniles. Samples for all three 
show that the percentage of snakes having a right testis longer than the left 
decreases as the snakes get older while the percentage having the left testis 
longer tends to increase. Chi-square values are: vermis, 0.000; amoenus, 
1.807; helenae, 5.675. Only the last value is significant (probability level, 
0.025); it indicates significant increase in relative length of the left testis in 
helenae when maturity is attained. Overall, the data suggest the two gonads 
are of more nearly equal importance in adult helenae than in vermis or 
amoenus. 
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Sexual Maturity and the Ovarian Cycle in Females 


Sexual maturity. 489 examinations for spermatozoa and/or enlarged follicles 
were made on living (or recently killed) female Carphophis vermis. Exami- 
nations for spermatozoa were made by forcing a sample of fluid from the 
cloaca, placing it on a glass slide, diluting it with a drop of saline solution 
and examining it under a binocular dissecting microscope (approximately 
40 x). Enlarged eggs were detected by palpation. 

With any given adult female, these tests may both be negative since even 
mature individuals do not have sperm in the cloacal fluids or palpable eggs 
at all times during the active season. However, when the percentage of 
mature individuals is plotted for samples of indivduals of increasing snout-vent 
length, a sudden change from near zero to approximately 50 per cent occurs 
between snout-vent lengths of 240 and 260 mm. (Fig. 21). An analysis of 
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Fic. 21. Per cent of sexually mature individuals in samples of female Car- 

phophis vermis of increasing snout-vent length. Open circles indicate living 

or recently killed specimens from northeastern Kansas; closed circles indicate 

museum specimens primarily from Kansas and Missouri. Numbers are sample 

sizes. Data for living individuals shorter than 230 mm. and for preserved 

individuals shorter than 185 mm. are not shown because all such specimens 
were immature. 


the specimens in this 20 mm. interval is shown in Figure 22. These data indi- 
cate that all females with snout-vent lengths of 250 mm. or more may be re- 
garded as sexually mature. Of 139 records of mature females, only two (snout- 
vent lengths 237 and 249 mm.) were less than 250 mm. and both of these were 
judged to be mature on the basis of having spermatozoa rather than eggs. 
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SNOUT-VENT LENGTH IN MILLIMETERS 


Fic. 22. Incidence of maturity among living or recently killed female Car- 

phophis vermis with snout-vent lengths between 240 and 260 mm. Diagonal 

lines represent mature specimens while open bars indicate immature individ- 
uals, Each interval on the vertical axis represents one specimen. 


Fitch (1960b:50) proposed that the presence of a cloacal capsule in female 
snakes may “ be regarded as an indication of sexual maturity.” This 
structure is present in vermis and 495 palpations of living (or recently killed) 
females revealed cloacal capsules 353 times. No female shorter than 188 mm. 
(snout-vent) had a cloacal capsule and all specimens 235 mm. or longer had 
the structure. The increasing frequency of occurrence between these two 
limits is illustrated in Figure 23; approximately 90 per cent of the female 
population has the structure at a snout-vent length of 220 mm. and 100 per 
cent has it at 235 mm. In vermis, the thickening of the cloacal wall to form 
a vaginal capsule may be regarded as a stage in the attainment of sexual 
maturity, but it does not necessarily indicate that the female has become 
fecund, with production of fully developed ova. 

Museum specimens of vermis likewise were examined for spermatozoa and 
enlarged follicles. Females were checked for sperm by removing a segment 
of one of the oviducts and tearing it into small pieces in a drop or two of 
water. Then the larger pieces of tissue were discarded and a coverslip was 
placed on the liquid which was subsequently examined with a compound 
microscope (approximately 400 x). Females preserved as long ago as 1926 
contained recognizable spermatozoa. Results of 134 such examinations are 
summarized in Figure 21. 

Comparison of the two samples of female vermis at first suggests that dif- 
ferent populations were sampled. However, the mean snout-vent length for 
egg-bearing museum specimens from Douglas County, Kansas (237 + 15.6, 
N= 17) is not significantly different from the mean for egg-bearing museum 
vermis from all other localities throughout the range (238 + 3.41, N=48), 
t=0.080. The apparent difference in snout-vent length at which maturity is 
reached is related to preservation as discussed earlier in reference to males. 
Dissection is superior to checking cloacal fluids in revealing spermatozoa. How- 
ever, the less efficient cloacal check probably has not resulted in a too-high 
estimate of minimum size at maturity in vermis, because of the large sample 
size and because six of nine mature individuals in the 250 to 254 mm. interval 
had enlarged eggs. 
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Fic. 23. Incidence of cloacal capsules in samples of living or recently killed 
female Carphophis vermis ranging from 170 to 249 mm. in snout-vent length. 
Numbers indicate sample sizes. 


For the preserved vermis, sample size was much smaller, so less confidence 
can be placed in the estimate of minimum length at maturity; a rough estimate 
would be 205 + 10 mm. because it is at this snout-vent length that a percentage 
is attained (60%) which is equal to the minimum shown by a sample known 
to be adult, i. e. those from 250 to 254 mm. (Fig. 21). 

Data concerning minimum snout-vent length at maturity in female helenae 
and amoenus were obtained from dissections of 49 and 54 preserved specimens, 
respectively. Because sample sizes are small, the estimates must be considered 
approximations (+20 mm.). Ninety per cent (21 of 23) of the helenae 
found to be mature were 189 mm. or more in snout-vent length, and approxi- 
mately 90 per cent (22 of 25) of the amoenus which were mature were 
188 mm. or greater in snout-vent length. 

Blanchard (1926:381) indicated snout-vent lengths (presumably of living or 
freshly killed specimens) of 216, 230, 234, and 236 mm. (mean = 229 + 5.52) 
for four egg-laying females of helenae. The mean snout-vent length for 34 
vermis which laid eggs was 281 + 2.59; range equals 251 to 306 mm. 

The ovarian cycle. Ova laid in June or July apparently being their enlarge- 
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ment late the preceding season, as suggested by the fact that enlarged follicles 
are evident in adult females at time of emergence in the spring. 

Dissections of Kansas vermis in the collections of the University of Kansas 
Museum of Natural History provided data concerning sizes of enlarged follicles; 
in each female a mean length was computed for all enlarged ova. This mean 
was then grouped with others for the same month (or half-month) and a mean 
computed for that time period. Four of the actual 43 clutches from Kansas 
lacked collection dates sufficiently accurate for use. Thirty-nine other clutches 
plus records from 14 egg-bearing females killed during the spring and early 
summer of 1967 were used. Seven of these 53 clutches were oviducal and their 
mean lengths were averaged to obtain the mean length at ovulation. The data 
are plotted in Figure 24. 
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Fic. 24. Follicular enlargement shown by clutches of ovarian and oviducal 
eggs in preserved Carphophis vermis from Kansas. For each sample the mean 
and range are represented respectively by the horizontal and vertical lines. 
Open and solid rectangles represent, respectively, one standard deviation and 
one standard error on each side of the mean. Numerals indicate the number 
of clutches in each sample. Two additional ovarian clutches, one from July 
and one from September, seem anomalous and are not included. Mean length 
of seven oviducal clutches (26.3 + 2.30 mm. ) is indicated. 
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The graph suggests that the eggs of an average clutch reach ovulation size 
(26.3 + 2.30 mm.) and are ovulated about May 22, but females bearing 
oviducal eggs have been recorded in Kansas from May 1 to June 13, indicating 
that ovulation may occur over a 44-day period. I suspect the May 1 record 
represents a year when reptile activity began unusually early; during any one 
season, the period of ovulation is probably much less than 44 days. Egg-lay- 
ing periods in 1966 and 1967 are estimated at 11 and 8 days, respectively 
(data presented in a later section) with most of the population (90%) oviposit- 
ing within about two weeks. Applying a two week limitation on the estimated 
ovulation period, Kansas populations of Carphophis probably ovulate between 
May 16 and 29, or more simply during the last half of May. 

The actual dates for the seven clutches of oviducal eggs are May 1, May 
15, May 20, June 7, June 7, June 7, and June 18 (mean, May 25). Laying 
seems to reach its peak around June 28, approximately 37 days after ovula- 
tion, and in June virtually all adult females have oviducal eggs. The mean 
date of May 25 for the seven known clutches is perhaps biased toward the 
earlier part of the egg-bearing period because specimens from May were much 
more abundant than those from June in the entire sample of preserved fe- 
males. 

Barbour (1960:15) provided data on enlargement of follicles in Carphophis 
in Kentucky comparable to my data from Kansas shown in Figure 24. In the 
graph constructed from Barbour’s data (Fig. 25), I omitted records of two 
clutches for April 18 because the follicles were too small (2-3 mm.) to be 
considered enlarged. Mean clutch length at ovulation (23.9 + 1.00 mm.) was 
estimated on the basis of seven preserved females (two helenae and five 
amoenus ) with oviducal eggs among the specimens I examined. The curve 
for Barbour’s data is similar to that of Figure 24 and suggests that ovulation 
in Carphophis in Kentucky also occurs during the last half of May. 


Mating and Fertilization 


Mating in worm snakes was never observed during the study, nor are there 
any published observations, but records of spermatozoa recovered from female 
specimens provide information concerning the time of mating. 

As indicated above living female vermis were checked for spermatozoa by 
forcing fluid from the cloaca and examining it under a microcope. Preserved 
specimens were checked by removing a portion of the oviduct, tearing it into 
small pieces in a drop of water, and examining the fluid under a microscope. 
The results are presented in Table 16. 

Table 16 indicates two mating periods each year, April to May and Septem- 
ber to October, with greatest activity in the fall period. Sperm cells found in 
individual samples from live females classified as “with spermatozoa” ranged 
from only one to thousands in tightly clumped masses like those found stored 
in the vasa deferentia of males. Most positive samples contained between 10 
and 50 spermatozoa. Only four showed clumped masses, a condition probably 
indicating that the female had mated within the past few days. 

Among the recapture records is one which suggests that sperm in low num- 
bers may be recovered many weeks after mating. A female first examined on 
April 4, 1967, had between 10 and 50 sperm in the sample of cloacal fluid, 
but on May 7, 1967, a similar check revealed only two sperm cells, Presum- 
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February March April May 
MONTHS 
Fic. 25. Follicular enlargement shown by clutches of preovipositional eggs of 
Carphophis amoenus from Kentucky (data from Barbour, 1960:15, analyzed 
and presented as in Fig. 24). Three additional ovarian-size clutches, one from 
June 10 and two from June 18, seem not to follow the main trend of the data 
and are not included. Mean length of seven oviducal clutches (23.9 + 1.00 
mm.) is indicated. 


ably the snake had not mated between the two examinations. However, 
several other recapture records indicate that sperm tend to disappear from 
cloacal fluids. A female tested on April 6, 1967, showed clumps of thousands 
of spermatozoa, but 50 days later (on May 26) she was negative for sperm. 
A specimen with “hundreds” of sperm cells on April 22, 1967, was negative 
15 days later. Five other females with 10 to 50 sperm at their first examina- 
tion were found negative at intervals of 15, 20, 20, 46, and 174 days later in the 
same season; initial captures were in April in four instances and the fifth oc- 
curred in May. 

Further grounds for doubting that females yielding small numbers of 
spermatozoa have mated recently stems from dissections. Six of nine adult 
females collected April 3 and 4, 1967, were negative for sperm when alive but 
were killed and their oviducts removed and torn into fine pieces in a saline 
solution; when this fluid was examined five were found to possess spermatozoa. 
The one which lacked sperm was small (260 mm. in snout-vent length), and 
as its oviducts appeared immature, it may have been entering its first repro- 
ductive season as suggested by the presence of two enlarged ovarian follicles. 
Three of the five with sperm contained several hundred, and the other two had 
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TABLE 16.—Incidence of Spermatozoa in the Reproductive Tracts of Adult- 
sized Female Carphophis vermis. Living Specimens Are from the Area of 
Douglas County, Kansas. Museum Specimens Are mostly from Kansas and 


Missouri. 
Living specimens | Museum specimens 
Per cent Per cent 
Interval ae . with x 
sperm- sperm- ‘ 
atoza atoza 
March] 6=3il ea nys eis ators cece 0 9 100 4 
April el Ub ee coy, erection irre store 21 47 84 19 
1G= SO Ace econ eich ee Ball 67 74 31 
May ASUS 5 ccisiers t's ee epee ae 22 36 33 9 
OU ats) URE te Mine Reni cae Sepa bee ee 8 37 50 2 
Pyotr Ysso ee Lea US ees eee ee ne 7 a 0 22, 0 1 
UG SSO UA ee lercea pe eens we oer 0 18 0 2, 
July alee ee eres 0 4 0 2 
GZS le er ets cin aaeree toes 0 3 ee ae 
ANIC USt Bll Dat eta aniertienna 0 1 0 1 
MGS hem erclen cies ek 0 1 0 2 
September: 1e'5) 2 eke « ane 6S ee 80 5 nee ae 
LG=SOM eee ee reste 50 6 0 1 
October Wil yee eet on eee cee 38 8 (0) 1 
GSS ANE a oe te ei sp esr 100 1 100 1 
sl ECO) Fes EA ca eer eet par, Ri route a Pea Tee ee 20 265 63 76 


between 10 and 50. I conclude that (1) virtually the entire adult female 
population has a full complement of spermatozoa at the time of emergence in 
the spring and (2) that cloacal fluids may contain spermatozoa even though 
the snake has not mated recently—either because some spermatozoa are con- 
tinuously escaping from storage receptacles, such as those described by Fox 
(1956), and being carried down the oviducts between mating and ovulation, 
or because sufficient pressure may be exerted while forcing out cloacal fluids 
to dislodge sperm higher in the oviducts. 

Data from preserved specimens (Table 16) suggest that females carry sperm 
through the period of hibernation. The fact that there is no increase in spring 
suggests that the percentage of adult females which mate at that time of year 
is small. Unfortunately data are inadequate for September and October. The 
higher percentages of preserved females (versus living) found to contain sperm 
(63 versus 20) indicates that the examinations by dissection were much more 
thorough. 

The best evidence concerning time of mating comes from five females. Four 
of these each contained clumps of thousands of spermatozoa when collected on 
April 6, May 1, September 3, and September 15. The fifth was negative for 
sperm on April 19, 1966, but showed several hundred when recaptured May 
3, 1966. I consider this good evidence that she mated within this two-week 
interval—probably within the earlier part of it. Three of these five records 
occur in the spring; however, there are 150 records for the spring period 
(April and the first half of May) versus only 20 for fall (September and 
October) indicating that the incidence of mating is greater in fall—if the small 
fall sample is representative. 
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It is noteworthy that all nine living specimens examined in March lacked 
sperm. Perhaps a sampling error is involved. At any rate, the ratio of those 
with sperm to those without for the March sample (0 to 9) is not significantly 
different from the ratio for the first half of April (10 to 37), chi-square = 2.331. 

No females in either set contained sperm from June 1 to August 31. 
Typically, ovulation occurs approximately May 22 and with fertilization of the 
eggs, stores of spermatozoa presumably are depleted. 

Data for preserved specimens of helenae and amoenus are presented in 
Table 17, and may be compared directly with those for preserved vermis in 
Table 16. The data parallel those for vermis with the notable exception that 
neither of the initial samples approaches 100 per cent. In amoenus one of 
three females lacked sperm in early April and in helenae, two of three lacked 
sperm in March. 


TaBLE 17.—Incidence of Spermatozoa in the Reproductive Tracts of Adult- 
sized Female Carphophis amoenus helenae and C. a. amoenus. All Records 
Are for Preserved Specimens. 


helenae amoenus 
Per cent Per cent 
Interval ith with 
N N 
sperm- sperm- 
atoza atoza 

MiarchylG=o leo seas cians ucieercae nes 33 3 oe ne 
AAT OT Lo beast GS eg rsh a a 100 Uh 67 3 
HG =SOR yeh ie ec er sass 67 3 100 2 

rec yeae Laois. athe sho Mende Synlinss senr en, 5 seed oe 50 2 
DN GU pgcccyytte tro eee 33 3 50 4 
une gel — I eet ee er es te 0 2, eee igs 

NG=SOR ee aeons 0 1 

“ELS Gi LS Ge es ae orn ana 0 1 
Ges es ees nO he Reale 0 1 bss oe. 
ENS ASS ee RR ca ea 0 2 0 1 
Gao leet tetera ste ee tiene 0 2 33 3 
peptember™ I=15700 5 yr es 50 Z 0 4 
1G=S0% aed A aE ee ie 67 3 

Mietaberett ty 6 oor Hae ste 100 1 100 1 
“NGF LENS oe Seer Ot em eee 48 27 46 24 


Mating occurring primarily in fall precedes enlargement of ovarian follicles 
early in spring; hence it might be inferred that mating serves as the stimulus 
which initiates follicular enlargement. However, the record by Haines (1940) 
of a female Leptodeira septentrionalis polysticta which laid fertile eggs in 1936, 
1938, 1939, and 1940 despite isolation from other snakes after August of 1934 
shows that annual mating may not be necessary as a stimulus for the develop- 
ment of ova in snakes. Other apparent instances of delayed fertilization have 
been reported in snakes. A female vermis (260 mm. snout-vent) contained 
two enlarged ovarian follicles (6 and 7 mm. long) when collected April 3, 
1967, even though thorough examinations of both oviducts revealed no sper- 
matozoa, indicating initial follicular enlargement without mating as a stimulus. 
Perhaps environmental stimuli, such as changing temperature or day-length, 
initiate enlargement. 
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Oviposition and the Clutch of Eggs 


Oviposition and the appearance of the eggs. Oviposition under natural con- 
ditions was not observed nor were any clutches of eggs discovered in nature. 
These aspects of the natural history were studied by confining gravid speci- 
mens in the laboratory. Each gravid snake was placed in a wide-mouthed 
gallon jar with enough incubation medium (three parts black clay-loam soil 
mixed with one part sawdust by volume and containing about 26% water by 
weight) to provide cover for the snake and insure that the eggs would not 
desiccate rapidly, yet not so much that newly laid eggs might be completely 
hidden. This allowed daily checks for eggs with minimum disturbance of the 
snake. 

Of 34 vermis which laid clutches in captivity, only five laid some or all of 
their eggs at known times of day. Practically all others laid them at night or 
early in the morning. Five females laid eggs at: 7:40 a.m., 8:30 a.m., 8:40 
a.m., 9:10 a.m., 10:45 a. m., between 7:00 and 11:00 a.m., 1:00 p.m., 3:00 
p.m. Following is an account of the laying of an egg as observed July 20, 
1967: 

7:10 a.m.: first egg of clutch found laid; second being pushed posteriorly, 
right-angle spinal flexure being used to help push it back; light gray skin 
visible between widely separated scales just anterior to vent; lateral flexure of 
vertebral column occurs at region of vent; anterior part of animal moves oc- 
casionally as if to obtain better purchase in the substrate material, or perhaps 
to conceal head better. 7:36 a.m.: vent partly open. 7:38 a.m.: tail some- 
what elevated. 8:40 a.m.: egg beginning to appear; muscular contractions 
occurring about every 25 seconds. 8:43 a.m.: egg is completely expelled and 
vent closed; once egg appeared at vent it was expelled slowly and steadily with 
no further distinct single contractions as had occurred previously. 8:31 p.m.: 
third (and last) egg of clutch found laid. 

The duration of laying of a three-egg clutch was observed on June 27, 1967. 
The first egg was laid about 1:00 p.m. At 3:00 p.m., a second egg was dis- 
covered fully extruded but sticking to the underside of the snake’s tail, and at 
6:20 p. m., the third egg had been laid. 

Early in the study, a female vermis was allowed to deposit her eggs in a 
large steel barrel. The eggs could have been placed as deep as two feet below 
the surface, but were laid beneath a water dish and only about two inches be- 
low the surface. Eggs are probably deposited at greater depths in nature. 

Literature records concerning the manner in which worm snakes deposit 
their eggs are limited to helenae and amoenus. Three clutches laid in the 
laboratory by female helenae from southern Indiana were discussed by Blan- 
chard (1926:376): “To sum up, the eggs were as deep in the decayed wood 
earth as could be, and, in the two cases where it was possible, they were im- 
mediately beneath a piece of old wood. They were in all cases horizontal, 
with their long axes practically parallel.” Minton (1944:452) found a natural 
nest of helenae containing three eggs, “. . . ina rotten log on August 18.” 

Four groups of eggs of the eastern worm snake were found by McCauley 
(1945:55), “One clutch was found in rotting wood on the ground at the base 
of an old stump. The eggs were lying close together. . . . On July 22, 
1936, three clutches were found in old sawdust piles, buried several inches be- 
low the surface.” Allard (1945:42) reported on eggs laid by a captive 
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amoenus, “. . . 4 eggs were found to have been laid in the center of the 
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container at a depth of about 3 inches from the surface ” Simmons 
and Stine (1961:206) stated that a female amoenus was “. . . placed ina 
terrarium containing five inches of sawdust and laid three eggs on June 2, 
1950. Although the eggs were laid in a random manner, all were deposited at 
a depth of two inches in the sawdust.” 

Eggs from captive vermis were of two types, normal and thin-shelled (PI. 
4); of a total of 88 eggs, 46 were normal and 42 were thin-shelled. At laying, 
normal eggs are white tending to greenish-yellow toward the ends, and rather 
opaque. They are dry on the surface, turgid, and have a circular area of 
vascularization (the embryo) which can be seen on the surface of the yolk 
about equidistant from the ends of the shell. In some a heartbeat can be seen 
in the vascularized area. The shell although soft seems thick and strong. 
Thin-shelled eggs are yellow or greenish-yellow, moist on the surface and some- 
what translucent. They are flaccid and show no sign of a vascularized area. 
The shell, although quite elastic, seems thin and lacking in calcium salts. 

Four eggs differed from “normal” in that the vascularized area was smaller 
and the red pigment was not diffused throughout a circular area but clumped 
in one or more small areas. These four, like the thin-shelled eggs, did not 
develop and were invaded and destroyed by mold and soil organisms (mites, 
nematodes and symphyla) within a few days. Because the deficiency is be- 
lieved to have been genetic and not due to conditions imposed on the female in 
the laboratory, these four were grouped with the normal eggs for analyses. 

All vermis eggs were smooth-shelled, non-adherent, and generally elliptical 
in outline but with the greatest diameter (across the long axis) located near 
one end (PI. 4). 

Not all gravid vermis held in captivity produced eggs. Three females re- 
sorbed their eggs. One aborted by passing yolk material at the vent, an oc- 
currence which might have been caused by rupture of oviducal eggs in han- 
dling. Two other females each deposited a small yolk mass which was evi- 
dently all that remained of a clutch, the remainder having been resorbed. 

Thin-shelled eggs seem to be produced when a gravid snake is placed in 
captivity prior to some critical point in the development of the clutch. Under 
these conditions, the normal schedule of events in readying the eggs for oviposi- 
tion is disrupted and they are shed prematurely. Caging of the female seems 
not to have serious effects after the critical point in egg development has been 
reached. 

In 1966, eight clutches of normal eggs were laid, on June 26 (1), June 27 
(1), June 28 (3), July 2 (1), July 4 (1), July 6 (1). The laying period ex- 
tended over 11 days with a mean at June 30. In the same season, ten clutches 
of thin-shelled eggs were laid or begun on the following dates: June 9 (4), 
June 15 (1), June 17 (1), June 18 (2), June 19 (1), June 21 (1). These 
layings extended over a period of 13 days with a mean date of June 14, more 
than two weeks earlier than the mean for the normal clutches. Four clutches 
deposited in 1966 contained both normal and thin-shelled eggs. The dates for 
the beginning of each of these clutches were: June 16, June 20, June 20, June 
21. These four clutches contained the latest thin-shelled eggs and the earliest 
normal eggs, and their average laying date of June 19 was intermediate be- 
tween the other two groups. 

Because of the large proportion of thin-shelled-eggs laid in 1966, I decided 
in 1967 to delay caging gravid females until laying was close at hand. In 
1966, I began caging on May 25; in 1967, I waited until June 14, with the 
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result that only two of eight clutches consisted of thin-shelled eggs. The other 
six were made up of normal eggs and no clutches contained both types. 

Laying dates for the six normal clutches were: June 21, June 25, June 27, 
June 27, June 28, and July 20, covering a 30-day period with a mean at June 
30. Actually, I think the deposition of a clutch on July 20 represented a rare 
event in the local population and by eliminating this date a more accurate 
mean (June 26) probably is obtained, with a laying period of only eight days. 
I believe that the bulk of the population emerged somewhat earlier in 1967 
than in 1966; hence, a slightly earlier mean date for egg-laying might be ex- 
pected. The two clutches of thin-shelled eggs laid in 1967 were deposited on 
June 19 and June 25, a seven day period with mean at June 22, earlier than 
that for normal eggs. 

Of interest is the fact that each clutch containing only normal eggs was 
laid within a single 24-hour period (usually during a single night) whereas 
seven of the 12 thin-shelled clutches required longer intervals—two days (2), 
three days (2), four days (1), five days (1), nine days (1). 

For combined data from 1966 and 1967, the mean date for laying of normal 
clutches was June 28, some 37 days after the calculated midpoint in ovulation. 
A two-week period, June 21 to July 4, would probably include laying dates 
for 90 per cent of clutches. 

Table 18 indicates time of oviposition, as the percentage of gravid indi- 
viduals rises to 100 in late May and early June. From late June onward, the 
ratio of non-gravid to gravid females increases rapidly, bearing out the evidence 
obtained from captive females regarding the time of egg-laying. 


TaBLE 18.—Incidence of Gravid Individuals Among Adult Female Carphophis 
vermis Collected in Northeastern Kansas in 1966 and 1967. 


Number Number Per cent 
Interval gravid not gravid gravid 
Avril ul = Seeger terse crore necercmrcisrerere 2 9 18 
April i925: hake ate tee 4 4 50 
ANAT SIERO po penoo on apmon,o oc + 6 40 
MisiVie= OF eo cerscr ttre een ee ene WG 3 85 
Max TOSI Gis cece mcs ee ccc cee 8 4 67 
Mia yl =23e0. hice one ceereroeten 13 3 81 
May 24-30 ees Tee ie ee oes 8 3 73 
Mayiol—June Geancee cn se eee 12 0 100 
Fl bhots 7 eo (eseeer enero ainidcra aie Gon c.c ation 9 0 100 
sume L420 eee PMs ee eer 11 2 86 
JUNE 212 ieee ce sete oer ree 3 2 60 
June: 28—JIully- 455. seeon een: J 4 20 
ADU Peto ol Wins AUN ga eer Py Ay ne car ee 0 2 0 
Julysl 210 eve eet ae ee ee 1 3 25 


If thin-shelled eggs are caused by confinement of the female, it might be 
expected that the number of days between confinement and egg-laying would 
be less variable and smaller on the average, than in normal clutches because 
caging is the stimulus for processes which terminate the egg’s normal develop- 
ment and cause its premature release. Normal clutches will tend to be laid 
on or about June 28 and the number of days between capture of the female 
and laying will have a relatively wide range extending from greater lengths of 


ECOLOGICAL STUDY OF THE WORM SNAKE 139 


time for those few females which are unaffected by caging and those captured 
immediately after the critical event in the egg preparation sequence to short 
intervals for those captured on or near the same day on which they would 
normally lay. 

The mean number of days between capture and laying for 12 thin-shelled 
clutches is 7.2 + 0.95 (range 4-13, standard deviation 3.29). For 14 normal 
clutches these figures are 11.2 + 2.35 (2-31, 8.79). The difference between 
the means is not signficant (t= 1.225); however, the difference between the 
variances is significant (F = 7.527 **). 

That thin-shelled eggs are not a natural feature of reproduction in this 
snake is suggested by the fact that these infertile eggs were produced at a rate 
at least equal to that for fertile eggs although clutch size was small. The process 
seems too demanding of energy to persist at such a level in a natural popu- 
lation. 

The females producing thin-shelled eggs do not appear to differ in mor- 
phology from those producing normal eggs. They are not newly reproductive 
individuals, because mean snout-vent length for the 12 which laid entire 
clutches of thin-shelled eggs in 1966 and 1967 is 285 + 4.87 mm.—slightly 
larger than the figure 280 + 3.65 for the 14 females producing normal clutches. 
The difference between these means is not significant, t = 0.815. 

Characteristics of clutch size, egg length, egg width, and egg weight are 
compared in Table 19. The data show thin-shelled eggs to be longer, narrower 
and lighter than normal eggs while clutch size is not different.’ Lack of a 
complete shell could explain these differences. Eggs would be lighter and, 


TaBLE 19.—Comparison of Normal and Thin-shelled Eggs Laid by Carphophis 
vermis from Northeastern Kansas. Measurements in Mm., and Taken to the 
Nearest Half Mm.; Weights in Grams, Taken to the Nearest Tenth or Hun- 
dreth. Widths Were Measured at Maximum Diameter. Only Eggs in 
Homogeneous Clutches (all Normal or all Thin-shelled) from 1966 and 1967 


were used. 
Normal t Thin-shelled 
eggs eggs 
Clutch size 
TAMAS aia 0 a apo On Pe a 2.64+0.22 | 0.907 2.92+0.19 
ERAN DG eee cg rae ty See ee net oe 1-4 2-4 
1 i: Gers Ec? SURE Reta Se 14 12 
Egg length 
IMI Gan ee Otis: oko Arce sic moses | 26.8+0.52 | 2.955** | 29.5+0.79 
UAT Chats waren eect eee A ee One 8 19.0-35.5 21.0-38.5 
1) SB a owe Peo 2 36 35 
Egg width | 
WIGATEPR SS sain Anes ek aati 7.88+0.08 2.655* | 7.56+0.09 
LENG EVA e) Fn RO Or Pa en ee eee 6.5-8.5 6.5-8.5 
INT 5-5 GB de aig a ie) Bi Rap aa 36 3D 
Egg weight 
IGT a SR eee eee ae 1.05+0.03 | 5.583***| 0.795+0.04 
| RDEV PAS nical ae Se ae aga 0.62-1.41 0.60-1.44 
LNT Gags eR ee ee ee 36 32 
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being less strongly confined, could elongate with attendant decrease in width. 
Shell-deposition may be a crucial step in development, such that a gravid fe- 
male collected and confined prior to shell-deposition generally reacts by laying 
her eggs in their premature condition. Either the embryo dies before the egg 
is laid, possibly as a result of changes in oviducal chemistry due to stress on 
the female, or it is in such an early stage of development at laying that blood 
pigments have not formed and it dies shortly thereafter. Caging of a gravid 
female subsequent to shell-deposition apparently has little effect on the eggs. 

An alternative possibility is that fertilization is prevented. In 1966, when 
nearly half the eggs laid were thin-shelled, caging of females was begun on 
May 25—near the estimated midpoint of ovulation and, presumably, fertili- 
zation. In 1967 females were not confined until June 14, more than two 
weeks after the time when ovulation (and fertilization) is thought to be 90 
per cent completed; yet two of ten clutches were thin-shelled. 

The eggs of vermis, helenae, and amoenus appear similar. McCauley 
(1945:55) described the appearance of amoenus eggs, “When freshly laid the 
eggs are oval in shape, and somewhat tapered at the ends. The shell is very 
soft and so thin that the color of the contents shows through, causing the egg 
to appear somewhat pinkish translucent.” 

There are only four precise records of oviposition dates in amoenus. Sim- 
mons and Stine (1961:206) reported a clutch from Maryland laid on June 2; 
Lamson (1935:16) reported a clutch from Connecticut laid in late June. Allard 
(1945:42) estimated that a clutch in Virginia was laid during “. . . the 
last week of June.” Another record was obtained when a gravid amoenus sent 
to me from Baltimore deposited two eggs on June 11 and another on June 12. 
All the eggs were thin-shelled (premature). Rough estimates of the egg-laying 
season in amoenus include the following: Lamson (1935:16) “. . . during 
the latter part of June or July and early August.”; Trapido (1937:12) “. 
during early July.” Obviously, a precise estimate of the oviposition period 
must await further study. 

The three thin-shelled amoenus eggs laid in the laboratory had lengths of 20, 
25, and 26 mm., and widths of 8, 6, and 7 mm. The lengths are probably 
slightly greater and widths slightly less than if the eggs had been normal. No 
measurements have been published for amoenus eggs known to have been laid 
one or two days previous. However, figures are given by Allard (1945:42) for 
four eggs which seem to have undergone very little enlargement: 19 x 8, 
28 x 8, 19 7, 20x 9mm. McCauley (1945:55) gives dimensions for a 
group of five amoenus eggs taken 20 days prior to hatching and it is obvious 
that enlargement has occurred. He reported means of length and width as 
21 x 10.4 mm., and extremes as 18.5 & 11 and 23 x 10.5 [=10?] mm. 

Recently laid eggs of helenae were described by Blanchard (1926:375): 
“They were cream-colored with a decided lemon-yellow at the ends, the latter 
color extending over as much as would be seen from an end view. One end 
was a little smaller and more pointed than the other . . . An orange- 
colored area, the embryo, showed decidedly through the shell in the middle 
of the lower side.” 

Blanchard (1926:380) also gives the only precise information on the time 
of oviposition in helenae. He recorded four clutches laid July 4-7, July 7-11, 
July 7-11, July 7-11. An estimate of the egg-laying season in helenae was 
given by Minton (1944:452) “. . . usually during the last half of June.” 
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Fic. 1. A juvenile male Carphophis vermis from Douglas County, Kansas, with 
a specimen of a locally abundant earthworm ( Allolobophora ). 


Fic. 1. A view of the upper limestone outcrop on the east-facing slope of the 
Wiggins Study Area (April 7, 1966). 
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Fic. 2. A view immediately below the lower limestone outcrop on the east- 
facing slope of the Wiggins Study Area (April 7, 1966). 
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1. A view of the upper limestone outcrop on the Ramseyer Study Area 
(May 8, 1967). 
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2. A view of the lower limestone outcrop on the Ramseyer Area (May 
8, 1967 ) 
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Fic. 1. Upper left: Three clutches of eggs of Carphophis vermis photographed 
June 29, 1966. The clutches of two and three were normal and were laid the 
day the photograph was taken. The single egg was laid June 19, was thin- 
shelled, and did not develop. The clutch of two illustrates the maximum dis- 
parity in egg length found in a single clutch. Development of the clutch of 
three is followed in the other photographs. Upper right: On August 11. Lower 
left: Beginning to hatch on August 17. Lower right: Hatchling from middle 
egg in previous picture partially extended from egg (August 17). 


Fic. 2. A grassy ravine in Douglas County, Kansas, where many worm snakes 
were collected. Dead trees such as the man is leaning against indicate the area 
was once wooded. 
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In the intergrading populations of Kentucky both Bush (1959:16) and Barbour 
(1960:14) estimated the time of oviposition as the middle of June. 

As in amoenus, more data are needed for helenae to obtain an accurate 
measure of the period of egg-laying. From the available data I conclude there 
is no great disparity among the three kinds of worm snakes in date of egg- 
laying. 

Blanchard (1926:380) provided measurements of length and width, soon 
after laying, for 11 eggs of helenae. Only one of these eggs did not hatch so 
the data apply to normal eggs. Blanchard gave the data as ranges for each of 
four clutches but three of these were clutches of two, so in fact for these he 
gave all measurements. In the other clutch (five eggs) length ranged from 
17 to 19 mm. and width from 7.5 to 8. Using all figures given for the three 
clutches of two and using 18 as the length and 7.75 mm. as the width for all 
five eggs of the fourth clutch, I computed “means.” The means and ranges 
thus derived are 21.2 (17-27.5) and 7.98 (7.5-9 mm. Because of the ques- 
tionable legitimacy of the means for helenae, the differences between these and 
those for vermis were not tested statistically. However, comparison does sug- 
gest that vermis eggs average longer. This might be expected because the 
females laying them are larger and helenae seems to produce more eggs than 
vermis (see data presented below). The means for egg width do not appear 
significantly different. 

Anderson (1942:209, 1965:198) reported measurements based on 23 eggs 
of vermis from Missouri, which ranged from 14 to 40 mm. in length and 6.5 
to 9.5 mm. in width. These ranges are somewhat wider than those I obtained 
for 36 normal vermis eggs. 

Clutch size. Counts of ovarian and oviducal eggs were made by palpation 
of living individuals and dissection of museum specimens. Adult female vermis 
which died while captive were also dissected and occasionally adult females 
from areas other than study areas were killed for dissection. 

Seventeen preserved vermis from Douglas County, Kansas, contained en- 
larged ovarian (16) or oviducal (1) eggs. Counts from these specimens were 
obtained by dissection and include the earliest available stages of follicular 
enlargement. As a sample to be compared with others, this provides the 
earliest available estimate of clutch size. The mean of these 17 is 3.18 + 0.18 
eggs, range two to four. 

A somewhat more advanced stage is represented by 84 counts made by 
palpations (69) and dissections (15) of living or freshly killed local specimens. 
These counts average 2.99 + 0.09 (range 1-5) and suggest a decrease in clutch 
size by six per cent. The second mean is not significantly smaller (t = 0.907), 
however. 

Thirty-four vermis laid eggs in captivity during the study. These clutches 
average 2.59 + 0.15 (range 1-4). This mean is significantly smaller than that 
obtained by palpation and dissection (t = 2.412 **) and represents a reduction 
in clutch size of 13 per cent. An 18 per cent reduction (0.57 eggs) has oc- 
curred between the earliest mean and that for clutches which were laid. If 
the earliest sample were composed only of clutches at the beginning of their 
ovarian enlargement, the reduction probably would be greater. Frequency 
distributions of the various clutch sizes for the three samples are shown in 
Figure 26. 

A total of 46 normal eggs were laid in the laboratory during the study. 
Thirteen of these did not hatch due to lethal conditions artifically imposed on 
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them during incubation (desiccation, excessive heat, mechanical destruction, 
etc.). Of the 33 remaining, 22 (67%) hatched, and I assume that this ratio 
approximates the hatching success in nature although it may be higher than 
the natural ratio because many natural mortality factors, notably those of 
predation, were eliminated for the eggs incubated in the laboratory. If 67 per 
cent of the eggs laid do indeed hatch, a clutch size of 1.73 at hatching is in- 
dicated. 

In summary, the data suggest a reduction in clutch size of at least 46 per 
cent (1.45 eggs per clutch) between ovarian enlargement and hatching. Pre- 
sumably pre-laying losses are due to resorption resulting from stress (injury, 
insufficient food, etc.) on the female. 

Counts of enlarged ovarian and oviducal eggs were obtained from museum 
specimens of helenae and amoenus and from vermis from parts of its range in 
addition to Kansas. The data are summarized in Figure 27. Figures for 


vermis 
mean = 3.12+.121 


N=65 


A 
mean = 3.18 + .176 


helenae 
mean = 3.744.253 


N=23 
B 

mean = 2.99+.087 
N=84 

amoenus 


mean=3.16+.197 
N=25 


PER CENT OF SAMPLE 


Cc 
mean= 2.59+.147 
N= 34 


amoenus x helenae 
(from Barbour, 
1960) 

mean= 2.604.234 
N=20 
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Fic. 26. Frequency distributions of CLUTCH SIZE 
clutch sizes in Carphophis vermis from Fic. 27. Frequency distributions of 
the area of Douglas County, Kansas. clutch sizes of enlarged ovarian and 
A, early follicular enlargement stage; oviducal eggs in Carphophis. 

B, palpation stage; C, at laying. 


vermis are based on 65 clutches (60 ovarian, 5 oviducal) from: Kansas 43, 
Missouri 10, Arkansas 8, Oklahoma 4. Figures for helenae are based on 23 
clutches (21 ovarian, 2 oviducal) from: Illinois 14, Kentucky 6, Louisiana 2, 
Ohio 1. Figures for amoenus are based on 25 clutches (20 ovarian, 5 oviducal ) 
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from: Virginia 13, Maryland 11, North Carolina 1. A sample of twenty 
clutches from east-central Kentucky reported by Barbour (1960) is also in- 
cluded in Figure 27. Considering the geographic origin of his entire sample, 
I regard these clutches as amoenus x helenae intergrades. 

Among the means for vermis, helenae, and amoenus (Fig. 27), the only dif- 
ference which is statistically significant is that between vermis and helenae 
(t= 2.436*). Note that the majority of clutches in each of these three 
samples lie to the right of the midpoint of the range in clutch-size. 

The mean of Barbour’s sample is not intermediate to means for helenae and 
amoenus but is lower than both. Also the frequency histogram is skewed to 
the left rather than to the right. The mean of his sample differs from that 
which I obtained for helenae (t = 3.270 **) but it is not significantly dif- 
ferent from that of amoenus (t= 1.842). Possibly fecundity is lower in this 
area of intergradation. However, Bush (1959:16) reported a mean of 3.2 for 
seven pre-ovipositional clutches from the area of intergradation, in Breathitt 
County, Kentucky. 

For further analysis of geographic variation in pre-ovipositional clutch size, 
means were computed for all clutches from each of the eight states for which 
I have four or more records. The results are shown in Table 20. There ap- 


TABLE 20.—Pre-ovipositional Clutch Counts Made by Dissection of Museum 
Specimens of Carphophis. 


State Mean Range | N 

vermis 

1 KEATS Aa Segoe eRe bee er mt eRe ta 3.32+0.15 1-5 43 

Oki gh omaney kee ase, she tic ocve ke cite 3.75 +0.48 3-5 4 

INIT SSOUTI eye ote eee ee ee 2.80+0.20 2-4 10 

PAT CANISASIR Roars toe eerie RV eee Seen amine 2.12+0.23 1-3 8 
helenae 

LN ETSYOSTIS Reser eee ee ee eee ee EPC oe Sl O2a0 2-6 14 

ONGC Kf ot art fe ects Nees mechs 4.00+0.68 2-6 6 
amoenus 

Wayland ss tts. Got te hace eek ee 3.54+0.31 2-5 11 

WUE OAINI CR hey <A Spt oiah AA GEL “Se Gilshs ystahe 2.92+0.24 1-4 13 


pears to be a tendency for clutch size to decrease in each species from west 
to east. In vermis the means for Kansas and Oklahoma are higher than those 
for Missouri and Arkansas. The difference between means for Oklahoma and 
Arkansas is significant (t = 3.538 *) but that between Kansas and Missouri is 
not (t=1.615). In Carphophis amoenus (Fig. 27) the sample for helenae 
averaged higher than that for amoenus (3.74 + 0.25 versus 3.16 + 0.20) but 
the difference is not significant (t= 1.820). The data do not strongly imply 
an east-west cline in clutch size in either species. The difference between 
means for Missouri and Arkansas (Table 20) is signficant at the 0.05 level 
(t = 2.237) but the data as a whole show no consistent trend in the north- 
south direction. The seemingly large difference between means for Maryland 
and Virginia is not significant (t = 1.608). 

Literature records of egg clutches are summarized in Table 21. Records 
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TaBLE 21.—Literature Records of Clutch Size in Carphophis. Letter “A” 
Refers to Pre-ovipositional Clutches, “B” Refers to Clutches Which Were 


Laid. 
Number of eggs State Mean Source 
vermis—A 
Af ec ciscc- ee sakapacyevsteaestete spout Kansas Gloyd (1928) 
3.50 
Oy See er Trae cone Missouri Myers (1957) 
vermis—B 
Ito 3)(2ichatches)) sa. me Missouri Anderson (1942) 
2.33 
inate Bus cee a CRE Meh cece Bice era Nebraska Hudson (1942) 
helenae—A 
OMe ar etre Indiana 6.00 Hahn (1909) 
helenae—B 
2 to 5 (4 clutches)........ Indiana 2.75 Blanchard (1926) 
helenae x amoenus—A 
1 to 5 (20 clutches)....... Kentucky f Barbour (1960) 
2.76 
3.2 (mean of 7 clutches)... | Kentucky Bush (1959) 
amoenus—A 
De eryeneis er siorevecsvoreror terete: Maryland McCauley (1945) 
4.00 
Olid cies tes bh totes age) ar orataua ares whet Maryland Present study 
amoenus—B 
ee ES AR RL Virginia Allard (1945) 
1 ES ier oe oe IS Connecticut Lamson (1935) 
3.50 
SE Sasi Cade roe eee Maryland Simmons & Stine 
(1961) 
Pa Ne Reais SRE eur, CaN Maryland Present study 


were included only if specific females and their eggs were mentioned. Also 
included are two clutches obtained from living females sent to me from Balti- 
more, Maryland. Although the data are few, means for pre-ovipositional 
clutches are consistently larger than those for clutches which were laid. 

References not cited in Table 21 but needing mention include two by 
Brimley (1903:264, 1941), in which he reported that clutch size in amoenus 
ranged up to eight eggs. Seemingly this statement was based on a group of 
eight eggs which was brought to him. In light of my own counts, I consider 
a single clutch of eight to be extremely unlikely, and think more than one 
female was involved in the laying of this group of eggs. 

In discussing eggs of vermis, Anderson (1965:198) stated: “A clutch of 20 
eggs varied from. ” Other statements in the same paragraph make it 
obvious that he knew clutch size never attained such proportions, and that he 
was merely referring to a sample of 20 eggs. Records by Force (1930:29) of 
pre-ovipositional clutches of eight and 12 follicles in vermis probably represent 
multiple clutches. 

Data concerning egg production by the two sides of the reproductive tract 
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are summarized in Table 22. The right ovary is located anterior to the left, 
hence the right oviduct is longer and carries the greater percentage of eggs. 
Also the right ovary produces more eggs than the left. For both ovarian and 
oviducal clutches in all three kinds of snake the percentages of eggs on the left 


TasBLe 22.—Egg Production by the Right and Left Sides of the Reproductive 
Tract in Carphophis. 


vermis helenae amoenus 
| 
Ovarian 
Left 
Mieanivrscn acetone. 1.32+0.07 1.62+0.18 35-087 
PRAT Osler e oh ic och sasyoke Q-2 0-3 0-3 
Percents o..ohis te ees 42 42 41 
Right 
MGS eee ree. 1.80+0.11 2.24+0.21 1.95=0.11 
IRAN GON. ares te elevate ated 0-3 1-5 1-3 
Rercentanice ico ee 58 58 59 
Number of clutches.......... 60 21 20 
Oviducal 
Left 
Meant eh ere 1.20 1.00 1.20 
RANGE 27ecs wrote oes cron 0-2 1 1-2 
Perscentacnene are 38 40 46 
Right 
Mean ses eo ytiecte ce: 2.00 1.50 1.40 
RANG lier, aa Sets 1-3 1-2 0-3 
IRerscentimnevaee rere 62 60 54 
Number of clutches.......... 5 2 5 


and right sides do not differ significantly from 40-60 as determined by the chi- 
square test. 

Correlations involving clutch size. Clutch size versus snout-vent length of 
female.—Positive, highly significant correlations exist between the numbers of 
enlarged eggs and the snout-vent lengths of the snakes containing or laying 
them. Data are presented for all three forms of Carphophis in Table 23. 
The differences between sample correlation coefficients for museum specimens 
of vermis, helenae, and amoenus are not statistically significant. The nature 
of all six correlations is similar and is exemplified by the plot made of the data 
for museum specimens of vermis from Kansas (Fig. 28). 

I supposed that the strength of the correlation in vermis would decrease as 
laying approached due to egg loss, which is probably random in relation to 
clutch size. The data support this expectation to the extent that the correla- 
tion coefficient in vermis is lowest at laying (Table 23). However, this co- 
efficient (0.4986) is not significantly different from either 0.6515 (t= 1.070) 
or 0.6470 (t = 0.929), the two coefficients computed for the earlier stages. 

The data for living vermis from northeastern Kansas are plotted in Figure 
29, allowing additional comparison of the two samples. Unfortunately data from 
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Fic. 28. Correlation between snout-vent length and number of enlarged 
ovarian or oviducal eggs in 43 museum specimens of female Carphophis vermis 
from Kansas. Regression line fitted by Bartlett's method (Simpson et al., 


1960: 232-233). 


TaBLE 23.—Sample Correlation Coefficients Between Clutch Size and Snout- 
vent Length of Female Carphophis. 


Sample 


vermis (Museum specimens from Kan- 
sas) 


vermis (living specimens from NE Kan- 
sas) 


vermis (living specimens from NE Kan- 
sas) 


vermis (all available museum speci- 
mens) 


helenae (all available museum speci- 
mens) 


amoenus (all available museum speci- 
mens) 


N 


43 


84 


34 


65 


23 


25 


Status of eggs 


Enlarged ovarian 
and oviducal 


Enlarged to 
palpable size 


At laying 
Enlarged ovarian 
and oviducal 


Enlarged ovarian 
and oviducal 


Enlarged ovarian 
and oviducal 


Sample 
correlation 


ecekioient (r) 


0.6470*** 


02 65157"* 


0.4986** 


0.6488*** 


0.6295** 


0.6074*** 
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Fic. 29. Correlations in female Carphophis vermis between snout-vent length 
and (1) clutch size as determined by palpation or dissection, closed circles, 
(2) clutch size at laying, open circles. Sample sizes are 84 and 34 females, 
respectively; all specimens were from the area of Douglas County, Kansas. 
Regression lines fitted by Bartlett's method (Simpson et al., 1960:232-233). 


museum specimens could not be included in this figure because of shrinkage 
in snout-vent length. Sample regression lines reflect the significant decrease 
in clutch size which occurs between these two stages of egg production, since 
the mean snout-vent lengths for females are the same (281 mm.) in both 
samples. 

Clutch size versus egg length—While larger females lay more eggs than 
smaller ones, the eggs they lay are shorter. Data concerning this negative 
correlation are presented in Table 24. Only clutches of normal eggs were 
used due to the differences in linear measurements and weight between normal 
and thin-shelled eggs. Ovarian egg measurements obviously could not be used 
because the eggs are still increasing in size at this stage. Lack of a significant 
coefficient in amoenus is probably due to inadequate sample size, as the nega- 
tive relationship presumably holds for all forms of Carphophis. My data for 
helenae are too few to calculate r. However, Blanchard (1926:379) presented 
data which tend to confirm that “The shortest eggs are in the largest clutches.” 

Graphic comparison of the two samples for vermis is made in Figure 30. 
The regression lines suggest that eggs elongate upon being freed from the 
confines of the female’s body, and that the more eggs there are in the clutch 
the shorter they are and the greater is their relative elongation at laying. In- 
spection of preserved females with oviducal eggs shows them somewhat pushed 
together end-to-end. The differences between means of clutch size and of 
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TaBLE 24,—Correlation Coefficients Between Clutch Size and Mean Length, 
Width, and Weight of Eggs. 


Sample 
Sample N Status of eggs correlation 
coefficient (r) 
Egg length : 
vermis (living specimens from NE 14 At laying —0.6600* 
Kansas) 
vermis (all available museum speci- 5 Oviducal —0 .9224* 
mens) 
amoenus (all available museum 5 Oviducal —0 .6296 
specimens) 
Egg width 
vermis (living specimens from NE 13 At laying 0.7821** 
Kansas) 
Egg weight 
vermis (living specimens from NE 14 At laying —0.0270 
Kansas) 
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Fic. 30. Correlations in Carphophis vermis between clutch size and (1) mean 

length of oviducal follicles (closed circles), (2) mean length of eggs at laying 

(open circles). Sample sizes are five and 14 respectively. Oviducal clutches 

are from preserved Kansas (4) and Missouri (1) specimens, laid clutches are 

from the area of Douglas County, Kansas. Regression lines fitted by Bartlett’s 
method (Simpson et al., 1960:232-233). 


mean egg-length between the two samples are not statistically significant 
(t= 1.039 for clutch size and 0.988 for egg length). 
The difference in the strengths of the correlations between the two vermis 
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samples (Table 24, egg length) is not statistically significant (t = 1.053, nor is 
that between the samples of oviducal eggs for vermis and amoenus (t = 0.862). 

Clutch size versus egg width—Data indicating a positive correlation are 
plotted in Figure 31 and summarized in Table 24. One point was excluded 
when the regression line was calculated because its position on the graph sug- 
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Fic. 31. Correlation between clutch size and mean width of eggs at laying 

in a sample of 14 clutches of Carphophis vermis from the area of Douglas 

County, Kansas. Regression line was fitted by Bartlett's method (Simpson 

et al., 1960:232-233); however, the clutch indicated by the arrow was not 

included in these calculations because the measurement data appeared to be 
incorrect. 


gests the eggs were measured incorrectly. It also was eliminated from the 
calculation of the sample correlation coefficient given in Table 24. This 
coefficient is significant, however, even when all 14 values are used 
(r= 0.5386 *). 

Clutch size versus egg weight.—These data are graphed in Figure 32. The 
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Fic. 32. Clutch size versus mean egg weight in clutch for a sample of 14 
clutches of Carphophis vermis from the area of Douglas County, Kansas. 
5—9080 
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apparent lack of any correlation is confirmed by the sample correlation co- 
efficient given in Table 24. 

In summary, it appears that larger adult female vermis lay more eggs than 
smaller ones but that the amount of material per egg is about the same. In 
larger females the material is enclosed in shorter eggs of greater diameter. 
Given (1) the serial arrangement of enlarged eggs which obtains in this 
snake, and (2) a certain critical-minimum mass of yolk per egg, this scheme 
is what one would expect if the available space were to be utilized to best 
advantage in producing as many eggs as possible. 


Incubation 


Duration of incubation. During the summers of 1965, 1966, and 1967 eggs 
representing part or all of nine clutches of Carphophis vermis were successfully 
incubated to hatching. The photographs presented as Plate 4 trace the in- 
cubation of one clutch. As used here the term “incubation” refers to egg de- 
velopment outside the female’s body. The incubation medium consisted of 
three-fourths black, clay-loam soil and one-fourth sawdust (by volume) with 
a moisture content of approximately 26 per cent by weight. 

Incubation was carried out under three sets of conditions. Five of the nine 
clutches were incubated in an air-conditioned laboratory where temperatures 
varied approximately from 75-80° F. Two clutches were incubated in a small, 
wood-frame laboratory building that was not air-conditioned, on the University 
of Kansas Natural History Reservation, where they probably experienced tem- 
perature conditions most similar to those in nature. Finally two clutches were 
incubated first in a small, closed room containing a gas water-heater (32 
days) and second in a window between screen and glass where temperatures 
were essentially those occurring in nature (18 days). Temperatures in the 
water-heater room ranged from 80-90° F. 

In regard to effects on length of incubation period, there were two tempera- 
ture regimes: the air-conditioned room and the other two situations. Of the 
five clutches incubated under air-conditioning, four had known dates of laying 
and hatched after 57, 58, 60, and 63 days (average, 59.5). Two clutches in- 
cubated in the laboratory building on the Reservation hatched after 49 and 50 
days, and the two clutches whose incubation began in the water-heater room 
hatched after 48 and 52 days (mean, 49.8 days). Although the sample is 
small the effect of temperature on the duration of incubation is obvious; 50 
days probably is an approximation of the mean for local clutches in nature. 

A mean date of June 28 for egg-laying in the local population has been pro- 
posed. By adding 50 days an estimate of August 17 is obtained for the mid- 
point of the hatching interval. The four hatching dates for clutches in- 
cubated under the two sets of warmer conditions were August 14, August 17, 
August 19, and August 20. 

The length of the interval, centered at August 17, during which 90 per cent 
of the annual crop of eggs hatches can be estimated only crudely. Certainly 
it would exceed the comparable interval for oviposition because of eggs being 
laid in different micro-environments having disparate temperature regimes. 
Whether such variations in micro-environment would exceed the variation from 
“normal” caused by air-conditioning is doubtful. On this arbitrary basis, I 
would expand the two week interval estimated for oviposition to a 24-day in- 
terval (August 6 to August 29) for hatching. 
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Actual hatching dates or approximations of them have been recorded for 
amoenus by Brimley (1903:264), McCauley (1945:56), and Simmons and 
Stine (1961:206). Their six records range from August 1 to September 15 
and average August 21 or 22, approximating the comparable dates for vermis. 
Simmons and Stine (1961:206) also reported an incubation period of 60 days 
for amoenus. Temperature was not mentioned but seemingly incubation took 
place in the laboratory where temperatures averaged somewhat lower than 
those occurring out-of-doors in late summer. 

Five records of hatching dates for helenae mentioned by Blanchard (1926: 
380) and Minton (1944:452) are all in September, and range from the first 
to the 16th or 17th with an average approximating the 11th. That date seems 
significantly later than corresponding dates obtained for vermis and amoenus. 
It should be noted, however, that the latest four of these records all were 
obtained the same season by Blanchard, whose dates for oviposition for the 
same clutches are later than figures given by other authors for helenae. Pos- 
sibly these clutches were obtained in a year when egg production was some- 
what behind the “normal” schedule; alternatively helenae may differ from 
vermis and amoenus in this regard; more data are needed. 

The only published records of the duration of incubation in helenae are four 
of Blanchard (1926:380) which average approximately 68 days. This interval 
seems significantly longer than the intervals obtained for vermis and amoenus, 
and it is unlikely that these eggs experienced temperatures lower than those of 
the vermis eggs incubated in an air-conditioned room. On the basis of these 
meager data it seems that eggs of helenae may require longer incubation than 
those of either vermis or amoenus. 

Embryonic development. Embryonic development of Carphophis vermis is 
already advanced at laying—to the extent that heartbeats were visible externally 
in several eggs. Assuming that fertilization occurs at ovulation, and that my 
estimates of the midpoints of the ovulation period (May 22) and the oviposi- 
tion period (June 28) are accurate, it follows that embryos at laying have 
undergone approximately 37 days’ development. ‘Total time required for de- 
velopment from fertilization to hatching is then about 87 days, 42 per cent of 
which is spent in the oviduct. 

During laboratory incubation of clutches, some eggs were opened for various 
reasons, frequently when they became molded or appeared dead from other 
causes. Usually the contents of such eggs were partly or completely decom- 
posed, but one such egg contained a living embryo and another contained an 
embryo which had been dead only one day. Two other living eggs were acci- 
dently ruptured while being handled. The four provided information on the 
embryology of Carphophis vermis. All four were being incubated under warm 
conditions at the Reservation and hence had an expected incubation period 
of 50 days. The per cent of development when the egg was opened can thus 
be estimated by doubling the number of days of incubation. Descriptions of 
the embyros are given below, beginning with the one which had completed 
the least of its development and proceeding to the one which had completed 
the most. 

1. Egg opened after 14 days of incubation; development approximately 28 
per cent completed; embryo has well developed, pigmented eye about 1 mm. in 


diameter; no body pigmentation, lobes of brain apparent; total length of snake, 
35 mm.; embryo dead for one day when egg opened on fifteenth day. 


2. Egg opened after 24 days of incubation; development approximately 
48 per cent completed; heart beating; hemipenes everted, gall bladder green 
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and filled; snake can open and close lower jaw to some degree; eye appears 
completely formed; no body pigmentation; liver, intestine, lung tissue, and 
vertebrae discernible; forked tongue protrudes from mouth, its tips blunt and 
rounded, not yet finely pointed; total length of snake 55 mm. 

3. Egg opened after 26 days of incubation; development approximately 52 
per cent completed; heart beating, hemipenes everted and coat gall bladder 
green and filled; eye pigmented and pupil formed; snake capable of moving 
areas of skin in response to touch; scales present and deposition of pigmenta- 
tion has begun, with tips of dorsal scales gray, and pigmentation strongest mid- 
dorsally on neck; brain protruding, skin not yet formed over it, no egg tooth 
(or other teeth) visible or palpable; portions of egg had following weights: 
shell 0.3, embryo 0.3, yolk 0.7, albumen 0.2—total 1.5 grams. Total length 
of snake 85 mm. 

4. Egg opened after 39 days of incubation; development approximately 78 
per cent completed; embryo appears completely developed except that pig- 
mentation is slightly less intense than in hatchlings, with dorsal color gray- 
brown rather than black, ventral color more pink than red; egg-tooth well de- 
veloped; yolk now in gut, umbilicus nearly closed; embryo can “twitch” along 
entire length, gapes and breathes occasionally; cannot right itself once turned 
over although turning it over results in violent twitching down entire body; 15 
minutes after opening of egg heartbeat strong, otherwise snake shows activity 
(gaping or twitching) only occasionally; 25 minutes, heartbeat strong; am- 
phibian saline solution poured over embryo; 55 minutes after egg was opened 
heartbeat still strong, but gaping and twitching no longer elicited; two hours 
after egg opened, heartbeat weak; two hours and 45 minutes after egg opened 
embryo dead. 
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Fic. 33. Increase in length (as per cent of length at laying) in eggs of Car- 
phophis vermis during incubation. Solid line refers to eggs incubated at an 
estimated mean temperature of 85° F. while broken line indicates eggs incu- 
bated at an estimated mean of 77° F. Eggs are from the area of Douglas 
County, Kansas. Numbers indicate sample sizes. Vertical and horizontal lines 
represent the range and mean of each sample, respectively. Open rectangles 
represent one standard deviation on each side of the mean, solid and hatched 
rectangles represent one standard error on each side of the mean. 
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Enlargement of the egg. Eggs incubated in the laboratory were measured 
and weighed approximately once a week. Measurements of length and width 
(at greatest diameter) were taken to the nearest one-half mm. and weights 
were taken to the nearest one-tenth or one-hundredth of a gram. 

For analysis of enlargement of eggs, data have been taken from the records 
of the eight clutches in which one or more of the eggs hatched and for which 
date of laying is known, and only the records for those eggs which actually 
completed incubation by hatching were used. Four of these clutches were 
incubated under the relatively cool conditions of an air-conditioned laboratory 
and four were incubated under warmer conditions, as described earlier. From 
the four clutches in the cool laboratory, weekly measurement data where ob- 
tained from 10 eggs and weight data from seven eggs. From the four clutches 
incubated under warmer conditions complete data were secured from nine eggs. 

The data showing enlargement in length, width, and weight are presented 
in Figures 33, 34, and 35, respectively, for the two temperature regimes under 
which eggs were incubated. Data were grouped into seven-day intervals and 
means computed. Enlargement is given as per cent increase from the initial 
measurement made shortly after laying. Mean initial lengths, widths, and 
weights for the two groups of eggs (cool and warm incubation temperatures ) 
were computed and tested and the differences were found not to be significant 
(Table 25). This was done to assure that no initial bias was introduced by 
accidentally selecting significantly longer, wider, or heavier eggs to be in- 
cubated under one or the other temperature regime. This apparently would 
have made no difference, however, since no statistically significant sample cor- 
relation coefficients were found between initial length, width, or weight and 
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Fic. 34. Increase in width (as per cent of width at laying) in eggs of Car- 
phophis vermis during incubation. For explanation of symbols see Figure 33. 
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Fic. 35. Increase in weight (as per cent of weight at laying) in eggs of Car- 
phophis vermis during incubation. For explanation of symbols see Figure 33. 


per cent of increase in either eggs incubated at warmer temperatures (sample 
correlation coefficients — 0.1370, 0.1641, and — 0.3638) or cooler temperatures 
(sample correlation coefficients — 0.4580, 0.5958, and — 0.0968). 

In general Figures 33, 34, and 35 properly indicate change in size and pro- 
portions as incubation progressed. However, within the eight to 14 day in- 
terval after laying, there is a notable chronological imbalance between the data 
for the two groups of eggs. That is, most of the measurements on eggs under 
the low-temperature regime happened to have been taken late in this interval 
while those for eggs under the warm conditions happened to have been taken 
early in this interval. Otherwise, the curves for length and width would be 
more similar in their early stages and development would not appear slower at 
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TaBLE 25.—Means for Initial Measurements of Length, Width, and Weight in 
Two Groups of Eggs of Carphophis vermis. Length and Width Are in Mm., 
Weight in Grams. 


Cool incubation | Warm incubation 
Mean N Range Mean N Range t 
ength 5.0... 25.840.90 10 21.0-32.0 26.7+1.07 9 23.0-31.5 0.661 
Widthyys acre |to-Lo-OL08;) 10 8.0-8.5 8.00+0.08 9 7.5-8.5 1.329 


Weigh tee cp-)asie | 1.17+0.04 7 1.0-1.3 1.09 +0.04 9 1.0-1.3 1.511 


higher temperatures during the first two weeks. Also, if this fault in the data 
did not exist the two curves relating to weight would be separated even farther 
at the second week interval. 

The three figures suggest that increases in length and weight were more 
strongly affected by temperature than was increase in width. The expanded 
range of variation at higher mean values for the warmer conditions is also 
apparent (Figs. 33 and 35). Figures 33 and 34 suggest that cooler tempera- 
tures merely delay the attainment of hatching size, but Figure 35 indicates 
that the two groups of eggs differed in weight at hatching—although weight 
data for eggs at cooler temperatures in the 50 to 56 day interval are lacking. 
It appears that an increase in incubation temperature has a pronounced effect 
on rate of water uptake. At higher temperatures eggs may increase their initial 
weight by as much as 225 per cent. 

It should be noted that relative increase is greater for width than for 
length. This also was pointed out for helenae by Blanchard (1926:379-380), 
who indicated a mean total increase in length of about 10 per cent (6 to 15) 
and in width of about 40 per cent (29 to 50) for eleven eggs of helenae. If 
these values are comparable to those obtained for vermis (Figs. 33 and 34), 
a marked difference is indicated between the two snakes. 

During incubation eggs of vermis lost much of the uniformity in shape and 
color which they have when laid. Differences in relative strength of the shell 
seem to account for changes in shape. Eggs which are bilaterally symmetrical 
along the long axis tend to lose this feature as one side (usually at the larger 
end) expands more rapidly than the other. The relative difference between 
the diameters near the ends increases. The shell commonly becomes translucent 
in the later stages of incubation and it may be stained by the soil in which it 
is incubated. 

Beginning in the third or fourth week of incubation, eggs upon being 
handled often “leaked” a clear, viscous, fluid albumen through minute, ap- 
parently weak, places in the shell. Evidently shells become so stretched that 
very slight pressures (even those caused by moving from a warm location to 
a cooler one for weighing and measuring) can cause a leak. These leaks 
ceased within a few minutes and the eggs regained lost moisture and continued 
normal development when returned to the incubation medium. I doubt that 
such leaks occur when the eggs are undisturbed. 


Hatching and Hatchlings 


It was estimated earlier that 90 per cent of hatching in the local population 
of vermis occurs between August 6 and August 29. My experience with the 
hatching process began when eggs being incubated in the laboratory were 
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found partially collapsed (Pl. 4) due to slits made by the snake inside. Such 
eggs had between one and II slits (mean, 12 eggs, 4.5 + 0.79) ranging from 
2.5 to 4.5 mm. in length and usually oriented parallel to the long axis of the 
egg. Most slits were in the dorsal half of the egg, which suggests that the 
snake within the egg responds either negatively to gravity or positively to light 
at hatching. The first alternative is more reasonable since eggs would (pre- 
sumably) hatch in total darkness. Movement toward the soil surface upon 
hatching might have survival value in that it would tend to insure that the 
hatchling was free of the hatching chamber, familiarize the hatchling with local 
above ground features of the environment, expose the hatchling to daylight 
which in turn might “set” intrinsic timing mechanisms, and expose the young 
snake to sunlight which might be required for synthesis of essential chemical 
products by the skin. 


Slits in the egg evidently are made 
by the egg-tooth (Fig. 36). The flat, 
spatulate shape of this structure sug- 
gests it would cut effectively only 
when the snout was moved from side 
to side. Also, because the tooth does 
not project beyond the tip of the 
snout, it would seem that the hatch- 
ling’s head would have to be nearly 
upside down when the slits are made 
in the upper half of the egg. Hatch- 


Fic. 36. Anterior (A), ventral (B), 
and lateral (C) views of the pre- 
maxillary bone and attached egg tooth 
from an embryonic Carphophis vermis 


lings representing four clutches were 
without egg-teeth at 7, 7, 11, and 12 
days of age, and I suspect the tooth 


is normally shed within one or two 


(KU 117481) killed shortly before 
days after hatching. 


completion of incubation. 


Hatchlings do not leave the egg immediately but spend about a day with 
only the anterior part of the body extended (PI. 4). During this period the 
little snake will ordinarily withdraw into the shell if disturbed. Blanchard 
(1926:378) noted similar behavior in hatchlings of helenae. Occasionally 
when hatchlings were taken from the shell before they left of their own ac- 
cord, they had not yet taken all of the yolk into the gut. This may indicate 
the reason for the delay in emergence. One snake when removed from the 
egg had an extraordinarily large amount of yolk outside the body. Together 
snake and yolk weighed 1.4 grams; separately each weighed 0.7 grams. The 
total of 1.4 would have greatly exceeded the range of weights obtained for 
hatchlings (Table 26), so it is doubtful that even if left undisturbed the 
embryo could have brought all the yolk into its gut. 

Hatchings from four clutches were in the gray, pre-ecdysal condition at 2, 
5, 7, and 7 days of age. Another clutch of hatchlings was shedding at 11 days 
and another clutch had shed at 12 days after hatching. 

Data concerning hatchlings are summarized in Table 26. Significant sexual 
dimorphism exists in the measurements but there is no significant difference 
between the sexes in weight. The sex ratio (10 to 12) does not deviate mark- 
edly from one to one. 

As already noted two groups of eggs were incubated at different tempera- 
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TaBLE 26.—Measurements and Weights Recorded from 22 Hatchling Car- 
phophis vermis from the Area of Douglas County, Kansas. Lengths in Mm., 
Weight in Grams. 


Males Females 
Mean N Range Mean N Range t 

Snout-vent 

length...... 112+1.58 10 104-118 11741.77 12 107-125 2.299% 
Tail length..... 20.1+0.44 10 17-22 15.240.33 12 14-18 9 .047*** 
Tail/body 

GS 100)E4.).;- 18.0+0.38 10 16-20 13.0+0.21 12 12-14 ah tine 
Wreight..c... ost: 1.02+0.02 10 0.94-1.11 1.03+0.02 11 0.89-1.19 0.228 


tures and those kept at higher temperatures became much heavier than those 
kept at lower ones. Means were computed for weights of the hatchlings from 
these two groups of eggs. Seven snakes from the lower temperature regime 
averaged 1.05+ 0.02 grams and eight from the higher temperature regime 
averaged 0.994 + 0.01 grams. The difference is significant, t—=2.592*%. To 
assure there was no bias in initial egg weight between the two samples, the 
two means were computed and tested. The mean for the eggs exposed to 
lower temperatures was 1.17 + 0.04 and that for higher temperatures was 
1.07 + 0.03. The difference is not significant (t= 2.113) but t approaches 
significance at the 0.05 probability level. However, the eggs incubated at the 
lower temperatures are those which were heavier and data presented below 
indicate that heavier eggs (at laying) produced lighter weight hatchlings under 
the warm temperature regime. Thus it appears that eggs incubated at lower 
temperatures develop less rapidly, hatch later, but produce young of sig- 
nificantly heavier weight than do eggs incubated at higher temperatures. 

Blanchard (1926:379) noted that in helenae “The largest young hatch from 
the largest eggs.” The extent to which egg length and total length of hatch- 
lings are precisely related was not indicated by Blanchard, but his data permit 
determination of a correlation coefficient. Since he did not indicate measure- 
ments for all eggs but rather the ranges, I utilized the midpoints of these 
ranges as means for length. Three of the four clutches each consisted of only 
two eggs, hence for these clutches the midpoints correspond with the means. 
The other clutch had five eggs that ranged in length from 17 to 19 mm. For 
this clutch I used 18 mm. as the mean length and even if I had used 17 or 
19, the position of this clutch in the series would not be changed. All 
measurements for hatchlings were given so means could be computed directly. 
The sample correlation coefficient was 0.8012, a high value but not statistically 
significant at two degrees of freedom. 

Positive correlation between egg weight at laying and hatchling weight 
seems reasonable. Weights might be expected to reflect size more accurately 
than would lengths. In eight instances the initial weight of an individual egg 
was associated with that of the hatchling produced from it among my data. All 
of these eggs had been incubated under the warmer temperature regime and 
the data give a sample correlation coefficient of — 0.7634 *. Plausible ex- 
planations for this negative correlation are not apparent. Related to the prob- 
lem is the question of correlation between initial egg weight or hatchling weight 
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and the duration of the incubation period. The data at hand are insufficient 
to test for such a correlation. 

Literature records of hatchlings. Anderson (1965:198) recorded hatchling 
vermis from 88.9 to 102 mm. total length; his record is noteworthy inasmuch 
as the range for 22 hatchlings which I measured was 121 to 143 mm. (mean 
= 132+ 1.35). Perhaps his measurements were made on preserved specimens. 

Blanchard (1926:373-382) presented detailed information concerning the 
hatching process and hatchlings of helenae. Total lengths for 10 living hatch- 
lings ranged from 87 to 105 mm., average 95.3 + 2.00. His counts of ventrals 
and caudals afford opportunity for comparison of counts made in hatchlings 
with those made in older individuals from the same population. Only males 
will be considered because too few hatchling females were present (seven of 
10 hatchlings were male) for comparison with older females. The data are 
summarized in Table 27. Incidentally, the sex ratio of seven to three is not 


TasBLe 27.—An Analysis of Data from Scale Counts Presented by Blanchard 
(1926:381) for Male Carphophis amoenus helenae. 


Hatchlings Others 
Mean Range N Mean Range N t 
Ventrals..... 121+0.67 118-124 U6 119+1.08 115-125 9 0.4187 
Subcaudals..| 34.6+0.57 33-36 U6 34.3+0.50 32-36 9 0.3164 


significantly different from one to one ( Yates’ adjusted chi-square of Steel and 
Torrie, 1960:358 = 0.900). Selection in the natural population of significantly 
higher or lower counts than those of the hatchlings, or effects of extreme tem- 
peratures on the embryos during early stages of their development (Fox et al.: 
1961) might have caused differences between hatchlings and older individuals. 
There were no such differences, however, and the simplest explanation is that 
neither of these factors was operable. 

Concerning the initial ecdysis, Blanchard (1926:378) stated: “After a few 
days their skins became more milky and about one week after hatching a, 
all had shed their skins.” McCauley (1945:56) noted that in amoenus, “The 
natal skin is shed during the first day after hatching.” This is in sharp contrast 
with both vermis and helenae which seem to shed about a week or 10 days 
after hatching. McCauley also noted that six hatchlings (apparently living) 
of amoenus from Maryland ranged from 88 to 104 mm. in total length with a 
mean of 98.6. In this respect, they are similar to hatchlings of helenae and 
much smaller than those of vermis. 


GROWTH 
Age and Snout-Vent Length 


Because activity of worm snakes is reduced in August and no hatchlings 
were collected in that month, snout-vent lengths of August hatchlings were de- 
termined from specimens hatched in the laboratory. In September and Oc- 
tober, growth could be traced by plotting for each sex snout-vent lengths of 
individuals collected within each half-month interval (recaptures were ex- 
cluded for separate analysis). Hatchlings emerge in August and constitute a 
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distinguishable cohort until late summer of the following year (Fig. 37). 
Beyond the first year growth can be traced only by records from recaptures, 
but biases which may have been introduced by the procedures of the study 
need to be taken into account. 


180 


= 
(e} 


160 


a 
° 


mt 
re) 


120 


SNOUT-VENT LENGTH IN MILLIMETERS 
rs 
° 


° 


August S t@) April M J J A Ss 
MONTHS 


Fic. 37. Growth curves for hatchling Carphophis vermis (see text for origin 

of samples). Numbers indicate sample sizes; males are represented by solid 

line, females by dashed line. Vertical and horizontal lines represent the 

range and mean of each sample, respectively. Open rectangles represent one 

standard deviation on each side of the mean, solid and hatched rectangles 

represent one standard error on each side of the mean. Samples include no 
recaptures. 


Growth data were obtained both from individuals resident on the area where 
they were living and from individuals originating elsewhere and introduced 
onto an area. Transfer might involve some handicap, hence the introduced 
snakes might show reduced growth rates. Records for all young males less 
than 200 mm. in snout-vent length at their initial capture were used. Six 
introduced on the Ramseyer Area averaged 0.152 +0.029 mm. per day 
(winter period of inactivity excluded) whereas 11 residents on the Wiggins 
Area, Ramseyer Area, and Reservation averaged 0.165 + 0.028. The difference 
is not significant, t= 0.293. Mean snout-vent lengths for these groups were 
142+14.0 and 141+ 6.78, respectively; the difference is not significant 
(t= 0.40). The mean numbers of days between marking and recapture were 
14] + 48.8 and 136 + 38.9, respectively; again the difference is not significant 
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(t =0.081), and a legitimate test was possible between mean growth rates for 
the two samples. This test was repeated with females even though samples 
of individuals of comparable size (below 200 mm.) were not available and 
larger specimens had to be used. Four introduced on the Ramseyer Area were 
tested against four resident on the Wiggins Area. Snout-vent lengths averaged 
265 + 11.2 and 269 + 12.6, respectively (difference not significant; t= 0.208). 
Mean intervals between marking and recapture were 203 + 32.6 and 291 + 46.4 
days, respectively (difference not significant; t= 1.557). The mean rates 
of growth were 0.038 + 0.010 mm. per day for introduced snakes and 
0.051 + 0.022 for residents. As in the males this difference is not significant 
(t= 0.545), therefore it is assumed that growth is not appreciably affected 
by transfer of an individual from one area of suitable habitat to another. 
Because tissue damage resulted from marking, there might have been stunt- 
ing, resulting in the recaptured snakes being shorter than others of their sex 
and age. To test this possibility, the weight to snout-vent-length relationship 
was investigated. Using Bartlett’s method (Simpson e¢ al., 1960:232-233) 
with logarithms of the original measurements, a straight line was fitted to the 
plot of all available original-capture records for each sex (Figs. 38 and 39). 
Gravid females were excluded from the calculations but a few records (all 
original captures) for such females were plotted to illustrate their greater 
weight. I anticipated that records of recaptures (subsequently plotted on the 
same graph) might fall below this line due to weight loss. It is notable that 
smaller recaptures tend to lie above the line while larger ones tend to lie be- 
low it. In males this changing trend seems to occur at about 230 mm. Among 
the 27 recaptured males of less than 230 mm., 21 lie above the line, yielding 
a ratio of 21 to 6, significantly different from one to one ( Yates’ adjusted chi- 
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Fic. 38, Snout-vent length versus weight in male Carphophis vermis from the 

area of Douglas County, Kansas. Regression line was fitted by Bartlett’s 

method (Simpson et al., 1960:232-233) to data for 485 records of original 

capture. Every eighth record was plotted (solid circles). Open circles rep- 
resent 61 recaptured individuals. 
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Fic. 39. Snout-vent length versus weight in female Carphophis vermis from 

the area of Douglas County, Kansas. Regression line was fitted by Bartlett’s 

method to data for 367 original captures of non-gravid individuals. Every 

eighth record was plotted (solid circles). Open circles represent 36 non- 

gravid recaptures. Triangles represent every eighth gravid female (at original 
capture ) from a total of 75. 


square of Steel and Torrie, 1960:358 = 7.260 **), whereas among the 34 
males larger than 230 mm., 21 lie below the line. Although this ratio of 13 
to 21 is not significantly different from one to one (chi-square = 1.882), it 
approaches the significance level. 

The same tendency for smaller recaptures to lie above the line and larger 
ones to lie below occurs in females (Fig. 39). The dividing point is about 
175 mm., and there is a significant deviation from one to one found among 
the large recaptures (ratio 8 to 28, Yates’ adjusted chi-square of Steel and 
Torrie, 1960:358 = 4.321 *). Among the eight recaptured females of less than 
175 mm., five lie above the line and three below it, and chi-square (0.500) is 
not significant. 

For the larger recaptured snakes these results are as predicted and the 
specimens appear to respond to marking and handling with only slight weight 
loss (relatively few of the larger recaptured snakes, six male and four females, 
were marked when in the “small” category). However, the small recaptured 
snakes show the reverse. For significant numbers of young the marking process 
may have caused death or contributed to it, and the survivors averaged heavier 
than others of their snout-vent length. In fact, they were probably sufficiently 
more heavy so that they could undergo a slight weight loss and still weigh 
more than the average for unmarked individuals. Conversely the sample of 
larger snakes probably suffered little mortality and the graphs reflect their loss 
of weight. The graphs for the sexes differ in two ways. First, in small fe- 
males the tendency for recaptures to lie above the line is not statistically sig- 
nificant, suggesting mortality from marking is not as great as in males. This 
is not surprising because females are longer (snout-vent) and proportionately 
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heavier than males at all ages. That a significant number of these small re- 
captured females do not lie below the line does suggest some mortality, how- 
ever. Second, the difference between the sexes in snout-vent length at which 
the change occurs seems significant. Again this is probably attributable to the 
fact that females are longer and heavier than males of similar age. 

If my appraisal is correct, the initial lengths and weights of smaller indi- 
viduals which were recaptured later should lie predominately above the line 
for the unmarked population, while for larger specimens roughly half the 
ratios should be above the line and half below it. Figures 40 and 41 present 
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Fic. 40. Snout-vent length versus weight in those male Carphophis vermis 
which were recaptured later. Regression line represents the entire unmarked 
male population, see Figure 38. Small circles each represent a single indi- 
vidual, large circles each represent several snakes as indicated by numbers 


within the circles. 


these data for males and females, respectively. Data in Figure 41 fit the 
prediction with an obviously significant ratio for small individuals (12 to 1) 
and a ratio (8 to 14) not significantly different from one to one among the 
larger snakes (chi-square = 2.250). Figure 40 fits the prediction in that the 
ratio for larger individuals is clearly not different from one to one. However, 
for males of less than 230 mm. the ratio (22 to 12) gives a large, but not 
significant, chi-square of 2.941. On the whole, the data support the hypothesis 
that marking is a selective treatment causing mortality, but permitting relatively 
high survival of young which are heavier than average, explaining the patterns 
of Figures 38 and 39. If marking had more prolonged effects on snout-vent 
elongation than on weight gain, it could result in recaptured snakes being 
heavier than unmarked snakes of similar snout-vent length, and data in Figures 
42 and 43 indicate this difference does exist. Figure 43 indicates that all effects 
on rate of weight gain by males disappear within 40 days after marking, while 
Figure 42 indicates at least 80 days are required for males to recover their 
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Fic. 41. Snout-vent length versus weight in those female Carphophis vermis 

which were recaptured later. Regression line represents the entire unmarked 

female population, see Figure 39. Small circles each represent a single indi- 

vidual, large circles each represent several snakes as indicated by numbers 
within the circles. 


normal rate of growth in snout-vent length. Data for females are less con- 
vincing but probably reflect a similar trend. 

Records of growth in snout-vent length from recaptured individuals are 
summarized in Figure 44 to show both the decreasing growth rate with age 
and something of its variation in individuals of similar size. 

In summary, marking retards growth-rates of small worm snakes, and the 
effect on length persists longer than the effect on weight. Furthermore, 
relatively lighter young probably die as a result of the deleterious effects of 
marking. Because of the combined effects of these factors recaptures are 
slightly heavier and shorter than snakes of the same age and sex that were not 
marked. Whether stunting of snout-vent length was sufficient to produce a 
misleading growth curve probably can be decided best by plotting data from 
individual recaptures of known age together with the curve in Figure 37. 

Figure 45 presents these data for males. The record most closely resembling 
the population mean was of long duration and stunting appears negligible. 
This male was 136 mm. in snout-vent length when first captured on May 2, 
1965 on the Wiggins Area. It was next collected on April 18 and again on 
April 23, 1966 when it measured 186 mm. On May 16, 1966 it measured 
192 mm. Finally, this snake was captured on June 6, 1967 when as was 
220 mm. in snout-vent length and had attained sexual maturity. Considering 
the data of Figure 45 as a whole, perhaps half of the male population reaches 
sexually mature size (216 mm.) and has the potential for mating late in its 
second full season (25 to 26 months of age). 

The growth curve for female vermis is given in Figure 46. One record 
of long duration is most useful. This snake measured 218 mm. (snout-vent) 
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Fic. 42. Effects of marking on growth in snout-vent length as measured in 

recaptured Carphophis vermis which were marked during their first year of 

life. Solid and dashed lines represent mean growth rates for males and females 

during their first year as summarized in Figure 37. Solid circles represent 

males, open represent females. Counts of days exclude winter period of 
inactivity. 


when first captured on May 9, 1965, and on the twenty-third of the same 
month it measured 222 mm. The specimen was not seen again until October 
20, 1967 at which time it measured 284 mm. This female was initially a little 
longer than others of its age, but the entire growth curve and conclusions 
drawn from it are probably unaffected. The data indicate that perhaps half 
of the female population reaches mature size (250 mm.) in the fall of its sec- 
ond full season (age 25 to 26 months) and may first contribute eggs during 
late June or early July of its third full season. Some slower growing females 
may mate in the spring of their third full season and still produce clutches that 
fall. 

Interpretations from the growth curves concerning size and age classes and 
growth rate are summarized in Table 28. 


Age and Anomalies of Head Scutes 


During routine examination of living worm snakes in 1966 and 1967, notes 
were made regarding abnormalities in the dorsal scutellation of the head (i. e., 
internasals, prefrontals, frontal, parietals, nasals, and rostral) primarily to aid 
in identification upon recapture. However, the accumulated data (recaptures 
excluded) provide opportunity for statistical comparison of the hatchling 
population with all older individuals as to frequency of anomalies to obtain 
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Fic. 43. Effects of marking on weight gain as measured in recaptured Car- 

phophis vermis which were marked during their first year of life. Line repre- 

sents mean rate of weight gain for both males and females during their first 

year as indicated by those individuals included in Figure 37. Solid circles 

represent males, open represent females. Counts of days exclude winter period 
of inactivity. 


evidence of selection for or against certain irregularies (Dunn, 1942; Inger, 
1942, 1943). 

Anomalies were of three basic types: fusions, divisions, and separations. 
Fusions result when two scales normally separated by a suture lack part or all 
of the suture. Frequently, an internasal was partly or completely fused with 
the prefrontal on the same side, or often a prefrontal was partly or completely 
fused with the frontal. Another common type of fusion involved partial union 
of the two parietals, prefrontals, or internasals. Divisions were recorded when 
a suture not normally present was found. Sometimes such a suture extended 
completely across a scale and divided off a portion of an internasal, prefrontal, 
frontal, or parietal; in other instances the division consisted of a short suture 
extending only part way across a scute. In other anomalies two scales which 
normally shared a common suture were separated by a third scale extending 
between them, for example the rostral or a prefrontal extending between the 
internasals or the frontal extending between the prefrontals. Fusions and di- 
visions were common but separations were rare. 

Initially it was assumed all three types of anomalies were hereditary. Pre- 
sumably selection occurs even before hatching, and is most intense in newly 
hatched individuals. My sample of 19 laboratory hatchlings was inadequate; 
hence individuals captured in their hatchling season were included with these 
hatchlings from the laboratory. Also it was assumed that incubation under 
laboratory conditions did not alter the frequency with which anomalies occur 
in nature; ten per cent of the laboratory hatchings and nine per cent of the 
captured hatchlings had anomalies (chi-square = 0.042). Selection against 
anomalies involving division and for those involving fusion might be anticipated 
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because reduction in number of head plates has generally been favored in the 
evolution of burrowing snakes. The data are presented in Table 29. 
Significant selection for or against either main type of anomaly, or for or 
against anomalies in general is not demonstrable in any instance. This is also 
true when data for the two sexes are combined. If such selection occurs 
larger samples, particularly of hatchlings, are needed to reveal it. However, 
it was found that the ratio of simple fusions to simple divisions is different from 
one to one. Among older specimens, it is 47 to 14, chi-square = 17.852 **. 
Among hatchlings, this ratio is 3 to 1 and not significant (chi-square = 1.000) 
but it seems clear this is due to small sample size since the difference between 
these two ratios is not significant (chi-square= 0.009). These data might 
be accepted as evidence that past selection has favored reduction of head 
scutes over multiplication of them; however, some anomalies of fusion probably 


males 239-281 mm. 
females 275-313 mm. 


males 208-237 mm. 
females 209-268mm. 


males 112-202 mm. 
females 115-198 mm, 


GROWTH IN SNOUT-VENT LENGTH IN MILLIMETERS 


50 100 200 300 400 500 600 
DAYS AFTER MARKING 


Fic. 44. Growth in snout-vent length shown by recaptured males (solid 

circles) and females (open circles) of Carphophis vermis. Samples for each 

sex were divided according to snout-vent length at original capture to give 

three subsamples of nearly equal size. Counts of days exclude winter period 
of inactivity. Scale of the abscissa is logarithmic. 
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Fic. 45. Growth curve for male Carphophis vermis in the area of Douglas 

County, Kansas. Dotted line represents mean for first year individuals (Fig. 

37). Dashed line represents estimated mean beyond first year. Solid lines 
connect individual recapture records. 
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Fic. 46. Growth curve for female Carphophis vermis in the area of Douglas 

County, Kansas. Dotted line represents mean for first year individuals as pre- 

sented in Figure 37. Dashed line represents estimated mean beyond first year. 
Solid lines connect individual recapture records. 
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TaBLE 28.—Estimates of Growth in Carphophis vermis Derived from Figures 
45 and 46. Estimates Are Based on a Season of Activity of 203 Days, April 1 
to October 20. Snout-vent Lengths Are in Mm., Growth Rates in Mm. 


Per Day. 
Males Females 
Age class Growth in Growth in 
mean snout- Growth rate mean snout- Growth rate 
vent length vent length 
Hatchlings. . . 112-124 0.185 117-135 0.277 
First year.... 125-179 0.266 136-196 0.296 
Second year. . 180-215 0.172 197-249 0.256 
Third year... 216-235 0.094 250-273 0.113 
Fourth year. . 236-247 0.054 274-285 0.054 


have resulted from injuries after hatching. In recaptured snakes, regenerating 
dermis and epidemis formed a single scale in the area from which they had 
been excised even though a suture had formerly crossed that area. If some 
of the observed fusions occurred after hatching, it is necessary to explain why 
the frequency of fusions does not show a significant increase between hatchling 
and older samples if both injury and possibly selection are acting to increase 
that frequency. The explanation may be that this anomaly is actually selected 
against, or the frequency of fusions among hatchlings may have been over- 
estimated from the small sample while selection is negligible or only slightly 
positive. The second alternative seems the more plausible with selection 
negligible, just as it seems to be in anomalous divisions which are completely 
hereditary. An erroneously high estimate of the frequency of fusion among 
hatchlings would also account for the apparent difference in frequency of 
fusions and divisions in hatchlings. 


TaBLE 29.—Numbers of Living Carphophis vermis from the Area of Douglas 
County, Kansas, Showing Anomalies in Head Scutellation. “Fusion” and 
“Division” Refer to Specimens Having One or the Other Type Anomaly (see 
Text) While “Other” Refers to Those with “Separations” or with Combinations 
of the Three Types. Hatchlings Include Males 124 Mm. or Less in Snout-vent 
Length and Females 135 Mm. or Less (Table 28). The Ratio of Hatchlings 
with a Certain Type of Anomaly to Other Hatchlings of That Sex Is Tested 
Against the Same Ratio in the Sample of Older Individuals. 


: wets Nor- | Grand 
Fusion | Division |Other Total All total 
Males 
hatchlings sew saierecieteiee cers 2 (6%) 0 (0%) 2 4 (14%) 27 31 
Oldertorcee no eee ee 29 (7%) 6 (2%) 4 39 (10%) 348 387 
Chi-aquarennccherc bree 0.059 0.488 9.248 
Females 
Ins Golilin gaiv-pepsereisieiereiete oleate 1 (2%) 1 (2%) 1 3 (7%) 41 44 
Co} Fok =| Sa eS emo ee 18 (5%) 8 (2%) 5 31 (9%) 321 352 
Chi-square. cnseesie oe cles 0.691 0.900 0.197 
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Age and Persistence of the Umbilical Scar 


Presence or absence of the umbilical scar was checked routinely in living 
Carphophis vermis to determine the age at which it disappears and the abrupt- 
ness of disappearance (Figure 47). The curve for males is smooth and sug- 
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Fic. 47. Persistence of the umbilical scar in samples of living Carphophis 

vermis from the area of Douglas County, Kansas. All specimens below 151 

mm. retained umbilical scars and all those above 270 lacked them. Numbers 

indicate sample sizes. Solid circles represent males, open circles represent 
females. Recaptures were excluded. 


gests that most individuals (90%) lose the scar at snout-vent lengths of 191 to 
200 mm., approximately midway through the second full season of activity. 
Finding a sexually mature male which retains evidence of an umbilical scar is 
a rare occurrence. 

The curve for females is rough and less easily interpreted; small sample 
sizes no doubt contribute to its roughness. Assuming larger samples would 
give a smooth curve located along the “best fit” line through the present data, 
it appears that most females (90%) lose the scar between 201 and 220 mm. 
These snout-vent lengths predominate during the first half of the second full 
season of activity. No adult female retained evidence of an umbilical scar. 
Hence, it is concluded that in both sexes the umbilical scar is lost typically 
during the second season following hatching at an age of 20 to 25 months, 
before attainment of sexual maturity. Its loss in the population as a whole is 
too gradual to allow its presence or absence to be used as a landmark in the 
life cycle. 


Age and Healing of Scale Clips 


Examinations of recaptures included recording the condition of the marks 
applied at the initial capture. The wound exposed by scale clipping healed 
first to a stage in which the muscle layers were covered by a thin, fragile, trans- 
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parent layer. Gradually this layer thickened and became “silvery” or white. 
Finally a “completely healed” condition was attained in which the marks were 
evident only because normal patterns of sutures were disrupted. Closure of 
marks occurs in relatively little time but complete healing is prolonged. 

Healing is more rapid in younger individuals (Table 30). Note that “com- 
pletely healed” is not a stage which is passed through but a condition which 
once reached is permanent. Hence, the means in this category, although ex- 
pected to exceed those in previous categories in each instance, mean little when 
compared with each other. The data suggest that males heal more rapidly 
than females; their tails are more vascularized due to the presence of the 
hemipenes and associated musculature. 


Taste 30.—Number of Days Required by Carphophis vermis to Attain Each 
of Three Successive Stages in the Healing of Scale-clips. See Text for Addi- 
tional Explanation. 


Males Females 
Stage of healing 
Juvenile Adult Juvenile Adult 


Weakly closed 


IMGATT ae eee eee ee 22=7.1 36+7.0 36+=3.2 44+3.3 

RAN CC 25 oe eee eee 12-43 16-52 32-46 35-50 

Nis cee eteoct ae erence + 5 4 4 
Silver 

Miami. orcas cloister ee cet 119+36.0 148+25.3 99+7.9 188+28.3 

IRAN CRS renee 52-252 71-286 83-125 119-255 

IN eee ee ieee teeth © 5 ike 5 4 
Completely healed 

Meanie. snes aces 204=29.3 2382+26.7 | 315+54.1 207+33.6 

Ran vee vies are ee ere 125-305 108-319 207-570 116-277 

Nae eh eee ots seinen 5 8 6 4 

Ecdysis 


Prior to shedding, specimens of Carphophis vermis become gray dorsally. 
After a time the intensity of gray decreases and the stratum corneum of the 
epidermis is sloughed as a single piece. 

When living individuals evidenced the gray pre-ecdysal or ecdysal condi- 
tion, it was recorded. A summary of these data is given in Table 31. That 
all individuals in the March sample were in the same stage is evidence for 
environmental synchronization of the cycle of ecdysis. However, samples from 
the following half-month intervals show that the population does not remain 
synchronized. A general increase in the incidence of individuals in pre-ecdysis 
or ecdysis is seen in April and May and continues until percentages reach 50 
or more except in adult females. Percentages for June tend to decrease from 
those of May except in adult females; after June the data are too few to war- 
rant detailed interpretation, except to note that the rate of shedding seems 
reduced. Finally it is noteworthy that adult females show a total percentage 
which is only slightly more than half that shown by other sex and age classes. 
Egg production may be involved. During most of May, ovarian follicles are 


ECOLOGICAL STUDY OF THE WorRM SNAKE ia 


TaBLE 31.—Per Cent of Individuals in Pre-ecdysal or Ecdysal Condition in 
Samples of Carphophis vermis from Douglas County, Kansas, and Adjoining 
Areas. Records of Recaptures Are Not Included. 


Males Females 
Interval Adult Juvenile Adult Juvenile 
Per Per Per Per 
cent N cent N cent N cent N 
March 16-31......... 0 U 0 4 0 9 0 5 
Ayal MENGE 6S game oe 6 32 3 31 2 44 0 41 
GSO keys ecto 25 72 10 57 11 64 6 54 
May i=(5i 00 ae 54 56 57 49 13 30 50 36 
1G=Sl eee ee 53 30 61 23 13 31 67 24 
Jue Wale eb oacosss 14 14 0 6 59 17 22 9 
NG=3O ey ps ak ch 17 24 36 11 28 18 73 19 
Ajo iz = Ise ees ee 11 9 40 5 20 5 50 4 
Golo, eer ee | 25 4 ye 50 2 oe 
AUIgUst Ml ie a0 6 0 1 So 0 1 
(Gc) Pea ee 0 2 0 1 aoe ae 
September 1-15...... 9 11 0 3 0 4 67 3 
16-305... .. 33 6 0 6 20 5 0) 5 
October I-52." .. 2... 50 8 0 5 1 8 33 3 
LGO=3 lene a 0 1 as ee Te age 
Entire season......... 29. 281 Zieel0S 5a 237 28 204 


enlarging rapidly and it is probable that little energy is available for new 
epidermal growth. Also, the midpoint of ovulation in local vermis is May 22 
and this cessation of ovarian enlargement corresponds to the sudden increase 
in shedding by adult females from June 1 to 15. 

Data presented thus far have dealt with unmarked snakes. Obviously 
marking of the snake may affect its ecdysal cycle. In Table 31 it is seen that 
for the population was a whole, 229 of 925 individuals (25%) were recorded 
as being in pre-ecdysal or ecdysal condition. If marking increased the fre- 
quency of molting, this ratio should be higher among recaptures, and of 121 
recaptures in which ecdysal condition was noted, 36 (30%) were gray or 
shedding. Although higher among recaptures the difference between ratios is 
not significant, chi-square — 1.412. 

It can be hypothesized that marking could trigger a molt as well as increas- 
ing the frequency of molting. It this were true a concentration of molting 
activity would be expected at some specific interval after marking. As a test 
all the recapture records obtained within a single season which had data on 
molt condition were summarized. Most records fall within 60 days after mark- 
ing; percentages of pre-ecdysal or ecdysal specimens for the six 10-day intervals 
were 44, 47, 42, 30, 25, 50, with sample sizes of 9, 15, 12, 10, 8, and 4, re- 
spectively. The data do not support the hypothesis that marking may stimu- 
late ecdysis. The six percentages are higher than the total percentage for un- 
marked individuals (25%) because most single-season recaptures occurred in the 
spring when ecdysis is more frequent. 

Approximately 28 per cent of all specimens (except adult females) were 
found to be in pre-ecdysal or ecdysal condition; this percentage of the entire 
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cycle may be spent in these conditions and about 72 per cent in the “normal” 
condition. For adult females corresponding figures are 15 and 85 per cent. 
The recapture records of a juvenile female provide data on the duration of 
the sloughing cycle. When recaptured for the first time on April 17, 1967, 
this individual was gray and 11 days later it was still in the pre-molt condi- 
tion. On May 9, 1967, it was shedding. This is the maximum record for 
duration of the pre-molt phase (21 days) and it is probably longer than normal. 
This snake was recaptured a fourth time on June 27, 1967, when it was again 
shedding thus indicating an entire cycle of approximately 49 days. Twenty- 
eight per cent of 49 is 14 days, and this seems a reasonable estimate of the 
length of pre-ecdysal condition actually recorded. 

An adult male marked on April 29, 1967 while in the pre-molt phase was 
recaptured in the pre-molt phase on June 20, 1967, suggesting a cycle of about 
52 days. The single record obtained for an adult female showed the indi- 
vidual gray on both May 11 and September 5 of 1966 indicating a cycle of 
117 days although the snake may have shed one or more times between these 
dates. If not, this represents a cycle roughly twice that of the other sex and 
age groups which was the prediction made from Table 31. 

Finally data from two adult male vermis kept in the laboratory are pertinent. 
One individual shed on November 16, 1964 and again on February 11, 1965 
while the other sloughed on July 15, 1967, November 7, 1967, and January 
8, 1968. These records give cycles of 87, 115, and 62 days respectively. How- 
ever, because no attempt was made to recover all shed skins from groups of 
captives, the first two instances each may include two cycles. For this reason 
and in the light of previous data, I interpret these records as indicating cycles 
of 44, 58, and 62 days, respectively. 

In conclusion, the data suggest that adult males and juveniles of both sexes 
shed approximately once every 50 days or about four times per season of 
activity. Adult females may slough only half this often or about twice per 
season, 

Literature records concerning ecdysis in Carphophis deal almost exclusively 
with casting of the natal skin and are summarized in an earlier section. The 
only exception is that by McCauley (1945:54) who noted a change in micro- 
habitat selection by Carphophis amoenus amoenus prior to ecdysis. “During 
the period when individuals are preparing to shed their skins they may be 
found in the wet pulpy interior of rotting logs, and in sawdust piles.” No 
such change in habits was noticed in vermis. 


FOOD HABITS 


By holding living specimens of Carphophis vermis up to a light source, food 
items in the stomach were visible through the translucent integument of the 
venter. These items were palped forward out the mouth, preserved, and 
later identified. Museum specimens of vermis, helenae and amoenus were 
dissected to secure additional data on food habits. 

Of 115 preserved amoenus, 30 had nothing in the intestinal tract and 76 
contained only debris which in most instances resembled soil such as found 
within earthworms. Eight specimens contained earthworms, five of which 
could be identified as belonging to the family Lumbricidae. One worm snake 
from Rock Creek Park in the District of Columbia contained a small salamander 
of the genus Eurycea. Of 88 preserved helenae, 16 had empty digestive tracts 
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and 67 contained only debris such as is found in the gut of earthworms. Five 
specimens held worms, three of which were lumbricids. Among 276 pre- 
served specimens of Carphophis vermis examined for food materials, 66 were 
empty, 193 contained only soil-like debris, and 17 held earthworms. Of the 
17, nine contained worms which could not be identified further and six held 
worms referable to the family Lumbricidae. Of the two remaining specimens, 
one from Anderson County, Kansas, contained a worm of the genus Lumbricus 
and one from Platt County, Missouri, contained a lumbricid worm belonging to 
one of two genera, Eisenia or Octolasium. 

Earthworms were taken from 31 living specimens of vermis collected pri- 
marily in Douglas and Jefferson counties in Kansas. All worms are referable 
to the family Lumbricidae and most are probably in the genus Allolobophora, 
although at least one additional genus is present. Two were identified 
definitely as Allolobophora and one of these is A. trapezoides. Another species 
probably included in the sample is A. caliginosa. Ordinarily, the anterior 
portion had undergone more digestion than the posterior suggesting worms are 
swallowed head first. 

Carphophis vermis probably has been dependent on earthworms as its 
source of food throughout its existence; however, Allolobophora is European 
in origin (W. J. Harman, in litt.) Thus it seems that local populations of 
worm snakes have changed to a different genus of prey organisms since the 
coming of Europeans to North America. What effects this may have had on 
the biology of the snakes can not be known. 

The percentage of specimens containing earthworms during each month of 
collecting is given in Table 32. The March sample was not examined until 
one week after capture and therefore represents an underestimate of feeding 


TaBLE 32.—Monthly Frequencies of Specimens of Carphophis vermis Con- 
taining Earthworms in Samples Collected in Douglas County, Kansas, and 
Adjoining Areas. 


Per cent 
Month with N 
earthworms 
RRA C HE ga aie UE eek TOR NO, eae ond os ea 0.0 Ps 
221 OTe ASP Nea a re ePrice a an es i paneer! Ak iN 6.1 429 
SE ecco untae peal Reel Api en e Caaide QE Od A ad 2.7 331 
EEL OME MOR, Fire Ure he ek Me ketene dean's) 9 one 150 
LEIA SSS eae Ste es Pate en ee 0.0 42 
PeeE TIS Ceara epee tt Oe Aven ha iar A een he ao 0.0 23 
SOULS) nl ove Sean LA at OL De ak ie vn Om Dee eae Be ee 10.3 58 
“CLIELICT ET a A es et Aaland i eh ga a 2.9 34 


in that month. This figure probably would not exceed that for April since the 
population as a whole does not normally emerge until about April 1, but it 
probably would be larger than zero because earthworms are abundant beneath 
rocks before worm snakes appear. The months of April, May, and June in 
spring and September (and possibly October) in fall seem important in terms 
of energy input into the population. Samples are adequate to detect feeding if 
it occurs in July and August, but such activity appears to be suspended (or at 
least unsuccessful ) during this period. 
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Literature records of specific food items recovered from specimens of 
amoenus include three. Atkinson (1901) in Pennsylvania found an earthworm 
in a preserved specimen. In Virginia, Uhler et al. (1939:620) found four 
amoenus with recognizable food items, “T'wo of them had fed exclusively on 
earthworms and two on soft larvae (Tabanidae?).” Two specimens collected 
by Hamilton and Pollack (1956:522) in Georgia contained earthworms. From 
the area of intergradation between amoenus and helenae in eastern Kentucky 
there are three studies describing materials found in stomachs of worm snakes. 
Barbour (1950a:102; 1960:14) listed a total of 32 specimens with food items 
and these were earthworms in all instances. Similarly Bush (1959:76) found 
only earthworms in 10 stomachs. 

In Indiana, Hahn (1909:563) recovered remains of an earthworm from a 
specimen of helenae. Literature records of food items are available for 50 
worm snakes; forty-eight contained earthworms and two contained insect larvae 
believed to be flies of the family Tabanidae. 

Hurter (1911:195) reported that a specimen of vermis ate a small ringneck 
snake (Diadophis) when the two were confined together. During my study 
worm snakes were caged with hatchlings of their own species and small indi- 
viduals of Diadophis punctatus, Tantilla gracilis and Leptotyphlops dulcis, and 
even after prolonged fasting, worm snakes did not eat other snakes. Under 
these conditions ringneck snakes ate small specimens of Carphophis, Tantilla 
and Leptotyphlops on several occasions. 

Force (1930:29) reported that specimens of vermis in captivity “. . . 
fed on earthworms, the young more readily than the adult.” Blanchard (1926: 
373-374) gave a detailed account of the feeding habits of several captive 
specimens of helenae, “The males were more easily frightened and much 
harder to feed than the females. . . . No. 61027 frequently rested with 
her head exposed, all ready for food, and when the dish was opened she came 
further out of cover, watching for something to eat . . . all ate earth- 
worms voraciously—usually two worms ata meal. . . . At times they were 
fed earthworms almost daily. The tamest specimen refused a tiny toad, of 
such a size that she could have eaten it. Ants and ant pupae, from a nest in a 
decayed log, were put into all of the cages, but there was no indication that 
any were eaten.” 

The literature contains many casual statements suggesting that fossorial in- 
sects constitute an important part of the diet of worm snakes. On the basis of 
data summarized above, predation by worm snakes on organisms other than 
earthworms must be considered incidental. 


MORTALITY FACTORS AND DEFENSE 


Climate 


Recapture records of worm snakes on the Wiggins Area yielded estimates 
of population density of 222 per acre in 1966 and 135 per acre in 1967. Cor- 
related with this decrease was an unusually small amount of precipitation in 
August, September, and October of 1966 which totalled little more than half 
of the average for these months over the ten-year interval from 1958 through 
1967. This low rainfall probably had a depressant effect on the density of the 
population by restricting availability of earthworms. Such restriction might 
result from encystment by large numbers of earthworms. 
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Another possible cause for the decrease in density which apparently took 
place was a hard freeze (minimum temperature of 22° F.) on the night of 
April 23-24, 1967, which may have killed numerous worm snakes. 

The actual importance as mortality factors of inadequate autumnal rainfall 
and exceptionally early or late freezing temperatures is unknown, and they are 
mentioned here only as factors deserving consideration. A third possibility is 
unusually low minimum temperatures during hibernation. For the months of 
November through March of 1965-1966 and 1966-1967, the twenty lowest 
minima recorded at the Reservation averaged 1.9 + 1.5° F. (range, — 14° to 
8° F.) and 3.1 +0.64° F. (range, —2° to 8° F.), respectively. Although 
means are similar, the lowest minimum of the 1965-1966 winter was 12 de- 
grees lower than that of the 1966-1967 winter. However, if this low tempera- 
ture caused a significant reduction in the number of worm snakes which sur- 
vived hibernation, it was masked by other factors. Probably air temperatures 
of — 14° F. in the open would be survived by most hibernating worm snakes 
in their insulated shelters well below the surface of the soil. 


Predators 


Three instances of predation by copperheads were recorded during 1967 
and suggest that this species may be an important predator of Carphophis in 
northeastern Kansas. On May 12 a female copperhead having a snout-vent 
length of 246 mm. and a weight of 9.1 grams, taken from a trap on the 
Reservation, contained an adult male Carphophis having a snout-vent length 
of 265 mm. and weight of 8.6 grams. Digestion had only begun and fully- 
active sperm were abundant in cloacal fluids of the Carphophis. Dissection 
revealed a hemorrhage 70 mm. posterior to the snout and 15 mm. posterior to 
the heart which had been caused by entry of a single fang dorsally and just 
left of the midline. On June 22 I collected a female copperhead in western 
Johnson County, Kansas, having a snout-vent length of 307 mm. and contain- 
ing an adult female worm snake approximately 278 mm. in snout-vent length. 
A third record was obtained at the Reservation on June 24 when H. S. Fitch 
collected a young male copperhead (245 mm. in snout-vent length) containing 
the remains of a worm snake. All three copperheads had been born the previ- 
ous fall. Fitch (1960a:199-200, 205) recorded four worm snakes among 512 
food items of copperheads, and Savage (1967:227) found a specimen of 
Carphophis a. amoenus in the stomach of a copperhead in the Great Smoky 
Mountains National Park, 

Another reptile in northeastern Kansas which may eat worm snakes is 
Lampropeltis triangulum. Although he described no specific instances, Ander- 
son (1965:198) said that vermis “. . . is often preyed on by the king 
snake, particularly by Lampropeltis doliata [= triangulum] syspila.” While 
searching for Carphophis, I occasionally found king snakes containing food, but 
almost invariably the food was a five-lined skink, Eumeces fasciatus, and in no 
instance had a worm snake been eaten. Conant (1951:37) and Uhler e¢ al. 
(1939:619) recorded instances of predation by Lampropeltis triangulum on 
Carphophis amoenus. The prairie kingsnake, Lampropeltis calligaster, also oc- 
curs in northeastern Kansas; on May 8, 1965 an adult female ate an adult male 
vermis and a juvenile Lampropeltis triangulum with which it had been caged. 
However, such predation may not occur naturally because of the preference by 
L. calligaster for open habitat situations. Klimstra (1959) recorded no worm 
snakes among food items from 124 prairie kingsnakes in southern Illinois, A 
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third kingsnake, Lampropeltis getulus, ate worm snakes in captivity (Wilson 
and Friddle, 1946:48). 

The blue racer, Coluber constrictor, has been reported to eat worm snakes 
in other parts of its range (Uhler et al., 1939:614; Conant, 1951:214), but 
locally Fitch (1963a:399-403) found no evidence of Carphophis among 1,357 
food records. 

Moles, Scalopus aquaticus, are abundant in habitats of Carphophis in 
northeastern Kansas and their tunnels were found to extend beneath virtually 
every rock on areas studied at some time during each season. Although there 
are no records of worm snake remains being recovered from stomachs of this 
mammal, Fitch (1960a:221-222) described the facility with which moles can 
locate, kill and eat small reptiles which are caged with them in the laboratory. 
One of three moles captured during my study had scales of the lizard Eumeces 
obsoletus among the arthropod fragments in its gastrointestinal tract. In the 
spring of 1967 two adult male worm snakes collected in Douglas County, Kan- 
sas were found to have short, slit-like lacerations on the underside of the belly 
and tail. Such wounds could be inflicted by the sickle-like front teeth of 
Scalopus. Circumstantial evidence suggests that moles may cause mortality in 
local populations of Carphophis vermis. 

Two other small insectivores which may be important predators of worm 
snakes are the shrews, Blarina brevicauda and Cryptotis parva. Blarina is 
common in the same habitats as worm snakes; however, examination of gastro- 
intestinal tracts from two specimens revealed only arthropod fragments. In 
April 1967, Russell J. Hall caged two adult vermis with a specimen of 
Cryptotis; both snakes were killed and eaten. 

Studies of the opossum, Didelphis marsupialis (Reynolds, 1945:367,370; 
Sandidge, 1953:101) in Missouri and Kansas revealed that worm snakes are 
eaten occasionally. However, it is improbable that this scavenger gains ac- 
cess to hiding places of worm snakes regularly enough to constitute a major 
cause of mortality. 

Holman (1958:276) noted that a fossilized accumulation of bones of small 
vertebrates (including Carphophis) in Citrus County, Florida, may have 
originated from pellets of barn owls, Tyto alba, in the Pleistocene. 

Finally the profound effects of human activities on vertebrate populations of 
virtually all species in northeastern Kansas and over most of the United States 
scarcely need to be pointed out. Relevant to the present study, Erst (1962: 
266, 1963: 21) recorded the poisoning of small snakes (Carphophis amoenus 
and Diadophis punctatus) when six per cent chlordane dust was applied to 
the soil in an attempt to control insects. 


Parasites 


Live specimens of Carphophis vermis from Douglas County, Kansas, and 
adjoining areas were examined for snake mites and chiggers, and records of 
their occurrence were kept. Although many mites were probably overlooked, 
the data are useful for certain comparisons. 

Table 33 compares the frequency of mites (Ixodorhynchidae) and chiggers 
on worm snakes in various months. Snake mites appear to utilize the host 
throughout the season while feeding by chiggers is concentrated in July, Au- 
gust and September. Loomis (1956:1374, 1383) recorded no chiggers from 
Carphophis in Kansas; however, he examined only five worm snakes in the 
July through September interval. 
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TABLE 33.—Frequency of Infestation by Snake Mites and Chiggers on Living 
Carphophis vermis from Douglas County, Kansas, and Adjoining Areas. Records 
from Recaptured Individuals Are Included. 


Per cent Per cent Number of 
Month with with snakes 
snake mites chiggers examined 
Visi china pan seer cree ae ae Sao 0.0 24 
EDT) eee ee a ree rh cetera et 3.0 0.0 400 
Ley ice tS a ee AE ee os ay ee aren 2.9 0.0 311 
SUUTTG Pere try eRe ae aray che er stctoeiaue care 4.9 2.8 143 
EIA Sis ReoBthrS BO ROE TE et en ae ee 0.0 14.7 34 
LNURATG is SoBe SOAe aceon cee ee 9.5 19.0 21 
ro 2) CLS) 101 0,3) pees Ne eli Re mapas ee ng ig al Tae 54 
ADELODEIRE so Aree ce te ee ee 3.4 0.0 29 


Snake mites and chiggers were found in three principal locations: beneath 
ventral scutes, beneath subcaudal scutes and beneath scales in the first row of 
dorsals. Infestation was most common on the posterior part of the body or 
anterior part of the tail. Mites and chiggers utilize somewhat different sites 
(Table 34) with mites inhabiting all three types of sites at similar frequencies, 


TasLe 34.—Locations of 43 Snake Mites and 35 Chiggers Found on Living 
Specimens of Carphophis vermis. 


Mites Chiggers 
Location 
Per cent Number | Percent Number 
Mentral scutes se oo eye BY/ 16 66 23 
BO CAUGAl SCULES .icic seb svc etecn ced 35 15 0 0 
Morsarescaless sen Se 28 12 28 10 
PAE O LAE (he, ® Fiche ees erie Sas oe 0 0 6 2 
“LID HD Set Anat ap pS ae anita aT eat 100 43 100 35 


and chiggers concentrated under ventrals but with some occurring beneath the 
first row of dorsals. Chiggers are larger than the snake mites of vermis and 
their size may restrict them to the more accessible spaces beneath ventrals and 
dorsals. Only two worm snakes were found serving as hosts for both mites 
and chiggers. Numbers of mites on infested snakes ranged from 1 to 4 (mean, 
15+ 0.14), and infestations of chiggers numbered 1 to 4 except for one of 
11 (mean, 2.2 + 0.54). 

Nematode worms were found in the Jung and oviducts of vermis, and oc- 
casionally they were seen in samples of cloacal fluids. Dissections of lung 
tissue from ten snakes revealed that four had no worms, two had two each, two 
had four each, one had seven and one had 15 nematodes. On three occasions, 
nematodes were seen in temporary preparations of fresh oviduct made by 
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shredding the tissue. Nematodes from the lung have been tentatively identified 
as Rhabdias, family Rhabdiasidae. 


Injuries 


Records were kept of wounds, scars, and incomplete tails among living 
Carphophis vermis. In most instances open wounds probably were caused by 
predators; however, some scars may have resulted from skin infections by 
microorganisms. Loss of part of the tail was undoubtedly due to predators in 
some cases, but infections and factors associated with advanced age may be 
important. Data for wounds and scars (Table 35) were analyzed separately 


TaBLE 35—Frequency of Wounds and Scars Among Living Specimens of 

Carphophis vermis from Douglas County and Adjoining Areas in Northeastern 

Kansas. Age Was Estimated from Snout-vent Length. Data Are from 1966 
and 1967; Recaptures Are Not Included. 


Males Females 

Age class Per cent with Per cent with 
wounds N wounds N 

or scars or scars 

Hatchiling ccc: cmcpes cise ts ores 8.3 24 9.4 32 
IPITStuyeaTr®. cise oe ores 10.4 96 9.6 73 
Second: year. 320.3. Jseet ecm oe 14.8 61 14.1 71 
Dhirdpyea pins incon eeleet cae Dante 83 22.8 79 
Mounthsveart yan a ona ae 41.9 62 30.6 49 
Older Fins ects a tarcsuns caine H2m2, 92 SS 73 
MOCa erst ecg peg a eee 28.2 418 20.2 377 


from those for loss of tail and as expected the incidence of wounds and scars 
increases in each successively older class. The increase occurs at an increasing 
rate until the third year in females and fourth year in males, suggesting that 
an improved ability to avoid injury is associated with attainment of these ages. 
Males show a higher total percentage of injuries than females, and the ratios 
of injured to uninjured are significantly different, chi-square = 6.999 **. Males 
are first sexually mature in their third year, at which time their vagility in- 
creases, and Table 35 indicates it is at this time that the percentage showing 
injuries increases significantly over that for females. Presumably the greater 
vagility of adult males exposes them to predators more often resulting in more 
frequent injury. 

Frequency of loss of part of the tail is summarized in Table 36. Again per- 
centages increase with age, but there are no major increases until the fourth 
year and older classes. No marked difference between sexes appears in the 
third year and total ratios are not significantly different, chi-square = 1.635. 
The data suggest that some factor or factors associated with advanced age may 
be partly responsible—for example, increased susceptibility to skin or bone in- 
fections in the tail-tip or structural deterioration of the terminal vertebrae. 
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TaBLE 36.—Frequency of Loss of Part of the Tail Among Living Carphophis 

vermis from Douglas County and Adjoining Areas in Northeastern Kansas. 

Age Was Estimated from Snout-vent Length. Data from All Years of the 
Study Are Incorporated. 


Males Females 

Age class Per cent with Per cent with 
incomplete N incomplete N 

tails tails 
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USCIS aR a eet sare LSe2 110 10.6 85 
PRA ere cieet eect e rete ele ac cictale ee 7.0 482 | 4.7 450 


Defense and Escape 


Neither coiling and striking nor biting was attempted by any specimen of 
Carphophis vermis examined during this study. When restrained, worm 
snakes usually exuded a cream-colored, viscous musk from the paired anal 
sacs in the base of the tail. As the snake struggles, this material is spread 
onto the collector's hand; however, the amount of musk is small (in contrast 
to Diadophis) and it seems doubtful that a determined predator would be 
deterred. Dead worm snakes fed on by predators showed no sign that the 
musk glands had been avoided. 

The behavioral trait of worm snakes most often noted as defensive is prod- 
ding with the sharply pointed tail-tip. When forced against parts of the hand 
where the skin is tender, it may startle the collector and might cause a predator 
to release its hold. However, the tail-tip is not maneuvered to act against that 
part of the hand actually restraining the snake, and thrusts with the tail prob- 
ably are made in search of a route of escape, or in attempts to secure a pur- 
chase for forward thrusts of the body, both of which would be appropriate 
underground. 

On May 10, 1966 a gravid female worm snake was collected early in the 
morning. The specimen showed little activity when exposed (presumably be- 
cause of low body temperature), but when handled it flattened its body until 
it was nine mm. in width and only six mm. in thickness at the rear of the belly. 
At the same time, coils of the body were pulled together into a rather compact 
mass with the head covered by portions of the body. This behavior is as- 
sumed to be defensive but was exhibited only by this individual. Upon being 
exposed, worm snakes usually attempted to escape by crawling beneath rocks 
or tree roots below the first rock, or when these were not available they began 
burrowing into the loose soil. On several occasions escapes were made; how- 
ever, this happened only under conditions of high afternoon temperature 
where the substratum was composed of many rocks with numerous deep 
crevices among them. 
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POPULATION DENSITY AND STRUCTURE 


Density 


Data obtained in 1965, 1966, and 1967 from recaptured snakes enabled 
computations based on the Lincoln Index of population density on the Wiggins 
Area. The area consists of an east-facing slope of 1.15 acres where 32, 50, 
and 49 new individuals (including recaptures from previous years) were re- 
corded in each of the three years respectively, and a southwest-facing slope 
where 11, 20, and 5 were recorded. Because the southwest-facing slope was 
visited less often and netted only two recapture records from different months 
within the same season, estimates of population density were limited to the 
east-facing slope. 

A census by the Lincoln Index requires two sampling periods. In the first 
period, individuals are captured, marked and released; in the second period, 
the ratio of recaptures from the initial sample to others captured for the first 
time is determined. Because natural populations may be changed rapidly by 
mortality, natality, immigration, and emigration, sampling periods should be as 
brief as possible. However, in this study, it took months to obtain a sample, 
hence highly accurate estimates were not attainable. Reduced activity after 
June is characteristic of local populations and on the Wiggins Area no hatch- 
lings were captured in their season of hatching. Each year’s data were used 
separately; hence, natality did not introduce error into estimates of density. 
Among the 50 records of recapture from the Wiggins Area, there was no record 
of movement from the east slope to the southwest slope or vice versa, although 
these are adjoining segments of the same rock outcrop surrounded by land un- 
suited to habitation by worm snakes. Hence, I doubt that immigration and 
emigration were important, and mortality factors—especially the differential 
mortality from marking—may have introduced the greatest error. 

Following Fitch (1965:552), the data for each season were divided in dif- 
ferent ways to provide a series of estimates. Initial sampling periods were 
April, April-May, April-May-June, and so forth and corresponding follow-up 
periods were May through October, June through October and so forth, but 
for some of the follow-up periods there were no recaptures of marked snakes 
and such periods provided no census figures. The procedure indicated a 
population of 270 snakes (based on one recapture) in 1965; two estimates 
(377 and 304 snakes) each based on two recaptures were secured for 1966, 
and four estimates (110, 268, 196, and 306 snakes) based respectively on 
seven, three, two, and one recaptures were obtained for 1967. These were 
weighted according to number of recapture records on which each was based, 
a mean computed for each year and the results transformed to numbers per 
acre (Table 37). 

Hayne (1949) proposed a modification of the Lincoln Index in which the 
regression of the proportion of marked individuals on the number of animals 
previously marked in a series of samples is extrapolated to show the number 
present when all animals have been marked. In 1967, the proportion of the 
catch which had been previously marked was 0.00 in April, 0.38 in May, 0.13 
in June, 0.33 in July, 0.25 in September, and 0.00 in October, indicating a 
population of 156 animals on the area. The error in this estimate can be 
shown approximately because probability limits for a slope can be determined. 
For a 95 per cent confidence level, these limits are 62 to infinity because the 
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TasBLE 37.—Population Density of Carphophis vermis on the Wiggins Area, 
Calculated by ‘'wo Methods. Counts of Recapture Records Exclude Those in 
the Same Month and Those in Different Years. 


Snakes Number | Estimated number of snakes per acre 


Y in of 
oe census’ | recapture Lincoln Hayne 
samples records index method 
LOGO HA Bh Soeee 50 4 295 222 
POO lion cipancns) sieye 49 8 152 135 


slope is not significantly different from zero at this probability level. For a 
probability level of 80 per cent there is an upper limit; the interval is 85 to 
966. Obviously the population figures calculated are far from precise. Esti- 
mates based on both methods are presented in Table 37; their similarity en- 
courages confidence in their reliability. Estimates for 1965 are excluded be- 
cause they were based on a single recapture record. 

Factors controlling density in the local populations of worm snakes are 
probably both biotic and climatic and are undoubtedly complex. The seasonal 
limitation of activity suggests that the dry and hot period of each annual cycle 
may be severely limiting—a “bottleneck” through which populations must pass, 
and probably the volume of organically rich soil available to earthworms is 
reduced by drying at this period causing worm snake populations to decline due 
to encystment or death of earthworms. If this is true, late summer and fall pre- 
cipitation would be expected to have been substantially above normal in 1965 or 
substantially below normal in 1966 or both to cause the change in relative size 
of the worm snake population indicated in Table 37, assuming the change was 
not random. Inches of precipitation recorded at the Reservation during August- 
September-October from 1958 to 1967 were 9.7, 15.4, 8.8, 17.3, 14.8, 6.1, 
10.6, 12.9, 6.6, 12.8, respectively, the mean is 11.5+1.19. In terms of this 
ten-year average, rainfall in 1965 was normal while in 1966 it was only half 
an inch above the lowest record. If a close causal relationship exists between 
rainfall and population density, densities were near normal in 1966 but below 
normal in 1967. 

A second possible cause for the difference in densities between years is a 
hard freeze with minimum temperature of 22° F. on the night of April 23-24, 
1967. On the 23 previous nights, minima had been above average for April 
with a mean of 46 + 2.1 and range 32 to 65. Worm snakes had been active 
since late March. My first visit to the area after the freeze was on April 28 
when two dead worm snakes were found in two hours of collecting. One 
individual, a hatchling male, was beneath a rock, and the other, a large adult 
female, was lying exposed on the surface of the ground. On only two other 
occasions during the study were dead worm snakes found, aside from those 
which had died in traps, and these were single individuals apparently killed 
by predators. Thus, it appears the unusually low temperature on April 23-24 
could have reduced the density of worm snakes on the Wiggins Area. 

Of the four estimates in Table 37, the two for 1967 are based on the most 
recapture records and must be considered the most reliable, and of these two 
the estimate of 135 per acre is derived by the technique which is mathe- 
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matically preferable. For the entire 1.15 acre east-facing slope this estimate 
is 155—a reasonable figure considering approximately one-third of this number 
of worm snakes actually were recorded on the area in 1967 and unmarked in- 
dividuals were still more common than marked individuals at the close of the 
season. 

Sex Ratios 


Among 22 Carphophis vermis hatched in the laboratory were 10 males and 
12 females, thus the primary sex ratio does not deviate significantly from the 
expected one to one in this small sample. Of 926 vermis collected in the area 
of Douglas County, Kansas, during the study, 485 were males and 441 were 
females. This ratio seems to favor males but is not significantly different from 
one to one (chi-square = 2.091). For juveniles the ratio is 205 males to 202 
females, whereas that for adults is 280 males to 239 females. The former 
ratio is obviously not significantly different from one to one; the latter yields 
a large but not significant chi-square of 3.240. 

To detect differences in the sex ratio in various age classes, data from the 
Wiggins Area were sorted according to criteria given earlier (Table 38). A 
slight predominance of males exists generally throughout all age classes, al- 
though none of the ratios is significantly different from one to one. 


TaBLE 38.—Numbers of Male and Female Carphophis vermis Recorded on 
the Wiggins Area (East-facing Slope) During the Study. Recaptures Are 
Excluded Unless the Original Capture Was from a Previous Year. 


Age class Males Females Males/females 
Ha tchlin ease 3 eubes aek Croat as 4 5 0.80 
Tarstyyeotex: cracict eee et Ree 16 12 183 
DECONGC VERT. ecm ur meee aencind 16 iB: 2, 
thindiyeartes sete men eee 12 10 2 
HOUELHVear sais, rtene tee ace cae oe 5 5 150 
Older. surth SR Reek he eae cet 17 16 ie il 
ARG tales se A co oie eit ear eee 70 61 Asal 


The effect of seasonal differences in activity between the sexes on sex ratio 
in samples was tested using all records from the Douglas County area (Table 
39). Only those ratios for adults in May and August differ significantly from 
one to one; chi-squares are 3.945 * and 5.142 * respectively. The latter value 
is adjusted for small sample size by the Yates method (Steel and Torrie, 1960: 
358). Data are similar for adults and juveniles, and suggest females are more 
easily collected (in relation to males) at the outset of the season than later. 
The meaning of this possible distinction is unknown; but demands for food 
following winter inactivity may be such that all sex and age groups are near 
the surface, whereas later males may be nearer the surface (on the average) 
than females in connection with their greater vagility. 


Age Structure 


From the records of recaptured individuals, growth curves were plotted for 
males and females. From these curves, estimates of snout-vent length for 
snakes in their season of hatching, and their first, second, third, and fourth 
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TaBLE 39.—Numbers of Male and Female Carphophis vermis Collected in 
Different Months from the Area of Douglas County, Kansas, During the Study. 
Recaptures Are Excluded. 


Adults Juveniles 
Month 
Males Females pS ce Males Females hs rales) 
NMiarche nooks eens th 9 0.78 4 5 0.80 
PADI oe eee eet ars oe 102 109 0.94 88 94 0.94 
irae Ise soe SAMs oe A 85 61 1.4 72 58 1.2 
HU cs ABS OO ECE 38 35 ila | Wi 29 0.59 
Ulver One na ene aera 13 tf 1.8 5 4 2, 
ANU E ess coca icte HS OIIOIoe 7h 0 ae 2 1 2.0 
September «state. te 19 10 1.9 10 li 1.4 
Octoberha. 2 oe cite 9 8 ital if 4 1.8 


seasons were derived. These estimates permit assignment of probable ages to 
all specimens on the basis of snout-vent length, and this in turn permits ex- 
amination of age structure. 

Because local worm snakes hatch in August when activity is reduced, hatch- 
lings are not properly represented in an annual sample. The best sampling 
period each year is April and May but by this time hatchlings from the 
preceding August have almost certainly been substantially reduced in num- 
bers by various mortality factors. Numbers of hatchlings were estimated on 
the basis of the number of eggs produced; females may lay eggs in their third 
full season and all later seasons, the number per female increasing with snout- 
vent length. Approximately 67 per cent of these eggs are thought to hatch 
and the size of the hatchling cohort is estimated on this basis. 

Records were divided into two groups: those from the Wiggins Area and 
those from all other collection localities. This provides a relatively small 
sample from a single population and a relatively large sample drawn from 
several populations (Table 40). Note the scarcity of hatchlings. Also note 
that females in their first year of productivity are twice as numerous as females 
in the next older cohort, and thus produce the largest contribution of eggs. 
Finally note that the data from the Wiggins Area are smoother in the attrition 
indicated between the first and fourth full seasons. 

Survivorship curves were plotted (Fig. 48) by combining the estimated 
number of hatchlings with actual counts of first, second, third, and fourth year 
classes and smoothing the resultant curves. Close agreement between the two 
sets of data is evident. During the interval described, females appear to 
undergo slightly higher mortality rates than males, thus supporting trends seen 
in data on sex ratios. That survivorship is relatively high beyond the fourth 
year is suggested by the large proportion of the samples contained in the 
“older” category (Table 40); also, the curve for females of sample “B” (Fig. 
48) approaches zero at a rate too great to allow the cohort to replace itself. 
It is probable that the curve for females of sample “A” is most accurate and 
that local populations contain individuals ten years of age and possibly older. 

Fitch (1963a:447, 1965:549) presented survivorship data which, while not 
directly comparable to mine, do show a higher average mortality rate during 
the first four complete seasons for Coluber constrictor and Thamnophis sirtalis 
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TasLE 40.—Numbers and Percentages of Carphophis vermis of Different Age 
Classes Recorded on the Wiggins Area (East-facing Slope) and from All Other 
Localities Sampled During the Study. Recaptures Are Excluded Except Those 
from the Wiggins Area for Which the Original Capture Was from a Previous 


Year. 
Wiggins area Other localities 
Age class Males Females Males Females 


Num- Per |Num- Per |Num- Per |Num- Per 
ber cent | ber cent | ber cent | ber’ cent 


Hatchling js 5.0clcee 4 6 5 8 21 5 30 8 
irsteyeanr se Senet 16 23 12 20 83 20 66 18 
Second year.......... 16 23 1133 21 61 15 76 20 
hirdyear seen eer. 12 17 10 17 85 PALL 90 24 
Hourthiyearss..24. eee 5 © 5 8 67 16 45 12 
Older. seatad voce atioe uly 24 16 26 92 23 66 18 
Dota citi ctetiic chigegs 70 ~=100 61 100 | 409 100 | 373 100 


than is indicated for Carphophis vermis. This might be expected because of 
greater fecundity in these two species. In his study of the copperhead, Fitch 
(1960a:232-234) estimated that an annual crop of 278 new-born individuals 
was reduced to 63 in the fourth year. This 77 per cent reduction is similar to 
the decrease estimated to occur in worm snakes (Fig. 48). Litter size in 
copperheads on the Reservation averages 5.25 but adult females reproduce 
only every other year (Fitch, 1960a:175,162). In Carphophis vermis clutch 
size at hatching approximates 1.73 individuals but reproduction is annual. 
Thus, the annual production of young per adult female is of similar magnitude 
in sympatric populations of Agkistrodon contortrix and Carphophis vermis. 

Assuming a population of 155 individuals (135 per acre) on the Wiggins 
Area in 1967, half males and half females, data of Table 40 indicate that 40 
reproductive females were present of such ages as to produce an average clutch 
of 2.73 eggs. If 67 per cent of the expected crop of 109 eggs hatched, a 
cohort of 73 new individuals was added to the population. 


SUMMARY 


From September 1964 through October 1967, field studies of the 
worm snake (Carphophis vermis) based on mark and recapture 
methods were conducted in northeastern Kansas. Of 844 speci- 
mens marked and released on three areas, 129 were recaptured a 
total of 159 times. On the Wiggins Study Area, 36 of 153 resident 
individuals which were marked were recaptured 50 times, while on 
the Ramseyer Study Area 604 worm snakes were introduced from 
other locations in northeastern Kansas and 88 were recaptured 104 
times. The remaining five records are from the University of Kan- 
sas Natural History Reservation. Funnel traps were used to aug- 
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ment collecting by hand. Speci- 
mens were marked by scale 
clipping. 

Additional data were obtained 
by dissection of 279 preserved 
C. vermis and 202 preserved C. 
amoenus, and from laboratory 
experiments with living vermis. 

Collection dates on museum 
specimens indicate that surface 
activity is more restricted to 
April and May in vermis than it 
is in helenae or amoenus, sug- 
gesting that vermis spends rela- 
tively more time below the soil 
surface. Features of coloration, 
relative width of the head, rela- 
tive diameter of the eye, and 
relative length of the tail all 
indicate that vermis is more 
highly modified for fossorial ex- 
istence than helenae or amoenus. 
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Fic. 48. Estimated survivorship in a 
cohort of 100 hatchlings of Carpho- 


phis vermis on the east-facing slope 
of the Wiggins Area (A), and on all 
other areas sampled (B). Solid line 


represents males, dashed line repre- 
sents females. 


Factors of soil drainage, tem- 
perature, and precipitation seem 
important in delimiting the 
range of Carphophis. The 
ranges of vermis and amoenus 
are centered on areas of uplift 
and include principally land 


above 200 feet in elevation while most of the range of helenae 
is below 200 feet. 

Based on numbers observed, there are four principal species in 
the amphibian and reptile community to which Carphophis vermis 
belongs, as it is represented on the Wiggins Area. In order of de- 
creasing importance these are the narrow-mouthed toad, Gastro- 
phryne olivacea; five-lined skink, Eumeces fasciatus; worm snake; 
and ringneck snake, Diadophis punctatus. 

Determinations of moisture content in soil samples collected 
beneath rocks where specimens of vermis were found indicate that 
smaller snakes are associated with higher moisture levels. Pre- 
sumably, this is because smaller individuals are more subject to 
desiccation. 
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Records of body temperature, air temperature, and substrate tem- 
perature for 42 vermis collected prior to midday showed body 
temperature to be highly correlated with both substrate temperature 
(r = 0.9699) and air temperature (r= 0.9090). Laboratory ex- 
periments and literature records both suggest that the range chosen 
by worm snakes is centered at 23 to 24° C. 

Seasonal activity of worm snakes in northeastern Kansas seems 
to be controlled by spring and fall reversals of vertical temperature 
gradients in the soil. Collection dates for museum specimens of 
Carphophis show an increasing percentage of surface activity con- 
centrated in April and May from east to west. This may be the 
result of the seasonal distribution of moisture in the upper soil 
layers. 

Data from recaptured snakes show no clear trend for distance 
moved to increase indefinitely as a function of time, and individuals 
apparently remain within limited areas—home ranges—for ex- 
tended periods. Introduced worm snakes often made long moves 
soon after release, while resident individuals did not. Many intro- 
duced snakes became resident on the Ramseyer Area. Among resi- 
dents, adult males are nearly twice as vagile as juvenile males and 
roughly three times as vagile as females. Introduced juvenile and 
female worm snakes show vagility increased to about 70 per cent of 
the value for adult males, while movements by adult males which 
are introduced seem unchanged. Using the mean distance between 
points of capture as the radius of a circle, home range estimates 
ranging from 707 to 7,543 square feet were calculated for various 
sex and age classes. 

Observations on the presence of spermatozoa in cloacal fluids 
show that living male vermis are sexually mature at a snout-vent 
length of 216 mm. Similar checks of living females combined with 
palpations for enlarged eggs revealed that females are mature at a 
snout-vent length of 250 mm. Recaptured snakes show that mature 
size is attained late in the second or early in the third full season of 
life in both sexes. Males and females of both helenae and amoenus 
are smaller than vermis at maturity. 

By measuring enlarged follicles in preserved Carphophis from 
Kansas, it was learned that ova reach ovulatory size about May 22. 
Assuming that periods of egg laying and ovulation are of similar 
length, Kansas populations are thought to complete ovulation during 
the last half of May. Mating was never observed, but masses of 
spermatozoa in cloacae of females implied mating in the spring 


(April and the first half of May) and in fall (September and Octo- 
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ber); the relative frequency of such masses among snakes caught 
in fall was five times that in spring. 

Captive female vermis laid two types of eggs, normal and thin- 
shelled. The latter were non-viable and probably resulted from 
the stressful conditions of laboratory confinement when imposed 
on gravid females prior to deposition of the egg shell. The mean 
date for laying of normal clutches is calculated as June 28, some 37 
days after the estimated midpoint of ovulation. The two-week 
period, June 21 to July 4, probably includes dates for 90 per cent of 
the clutches laid. Frequency of gravid individuals in samples of 
live females of adult size reached 100 per cent in late May and early 
June, indicating that females normally produce a clutch each year 
once maturity is attained. 

Clutch size in northeastern Kansas was calculated as 2.99 + 0.09 
eggs from 84 counts made by palpation of living specimens or dis- 
section of freshly killed specimens. At laying 34 clutches contained 
an average of 2.5 + 0.15 eggs, showing a significant decrease from 
the previous figure. Twenty-two of 33 eggs (67%) hatched in the 
laboratory indicating a clutch size at hatching of 1.73 eggs. 

Positive, highly significant correlations exist between number of 
eggs per clutch and snout-vent length of the female in all three 
kinds of worm snakes. In vermis a significant negative correlation 
was found between number of eggs per clutch and mean egg length, 
while a positive, highly significant correlation exists between num- 
ber of eggs per clutch and egg width. Similar correlations are lack- 
ing for egg weight. Apparently the eggs become shorter and 
wider as the female grows larger, but the volume per egg remains 
unchanged. 

Eggs of vermis were incubated under a temperature regime simi- 
lar to that of the outside air and under air-conditioning. As ex- 
pected, eggs in the cooler location required more time to hatch—60 
versus 50 days. If the period of incubation in nature is 50 days, 
and if the estimate of June 28 as the midpoint of egg-laying is cor- 
rect, the midpoint of the hatching interval in the local population 
must be about August 17. In the lab, clutches hatched August 
14, 17, 19, and 20. Total time required for development from 
fertilization (at ovulation) to hatching is about 87 days, 42 per cent 
of which is spent in the oviduct. 

During incubation, eggs absorb water and increase in size. 
Under temperatures similar to those in nature, eggs increased about 
21 per cent in length, 57 per cent in width and 152 per cent in 
weight. Under air-conditioning, eggs increased 20 per cent in 
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length, 66 per cent in width and 78 per cent in weight during an 
incubation period which was approximately 10 days longer. Rates 
of increase were slower in all three measurements under the cooler 
conditions. Length and weight were more strongly affected by 
temperature than was width. 

Although eggs incubated under cooler temperatures weighed 
less at hatching, the snakes which emerged from them were heavier 
than those from eggs incubated at higher temperatures. Contrary 
to expectations, a significant negative correlation was found be- 
tween egg weight at laying and weight of hatchling among eight 
eggs incubated under the warmer conditions. Ten of 22 hatchlings 
were males indicating a primary sex ratio not different from one to 
one. 

Growth of worm snakes was followed during their first year 
merely by measuring the distinctively small individuals of this 
cohort. After this interval, the body lengths overlapped those of 
older snakes to such an extent that only recaptures could be used to 
trace growth. Introduced snakes showed growth rates not sig- 
nificantly different from those of residents. Marking caused small 
specimens to suffer some stunting in both snout-vent length and 
weight. Furthermore, some relatively lighter young died as a re- 
sult of marking. Because of the combined effects of these factors, 
recaptures were slightly heavier and shorter than snakes of the same 
age and sex that were not marked, but it is believed that stunting 
was insufficient to produce misleading growth curves. Growth is 
most rapid prior to attainment of sexually mature size late in the 
second full season, but seems to continue at a decreasing rate at 
least through the fourth full season. 

Adult males and juveniles of both sexes shed approximately once 
every 50 days or about four times per season of activity. Adult 
females are thought to slough only half this often. 

Lumbricid earthworms of the genus Allolobophora constitute the 
main food source for worm snakes in northeastern Kansas, although 
at least one other genus of lumbricid was represented among sam- 
ples from snake stomachs. Among preserved specimens 17 vermis, 
five helenae and nine amoenus contained recognizable food items. 
These were earthworms in all instances except for a single specimen 
of amoenus which contained a salamander (Eurycea). Forty-eight 
of 50 literature records indicated earthworms as food; two revealed 
fly larvae presumed be Tabanidae. 

Factors controlling population density of worm snakes in north- 
eastern Kansas are probably in part climatic. A decrease in density 
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in 1967 from that of 1966 was associated with a severe reduction in 
total precipitation in August through October of 1966. Low rain- 
fall during these three months may reduce populations which are 
measured the following summer prior to reproduction. Freezing 
temperatures may also be a controlling factor when they occur “out 
of season.” Copperheads (Agkistrodon contortrix) and moles 
(Scalopus aquaticus) are thought to be the most important local 
predators of worm snakes. 

Series of Lincoln Index estimates weighted according to the num- 
ber of recaptures on which they were based indicated densities of 
worm snakes at 295 and 152 per acre (Wiggins Area) for 1966 and 
1967, respectively. Estimates of these same two populations from 
Hayne’s (1949) modification of the Lincoln Index were 222 and 
135 per acre. Sex ratios in various age classes and various months 
suggest that a slight predominance of males arises soon after hatch- 
ing and persists thereafter. 

Age structure was studied by assigning ages to individuals on 
the basis of snout-vent length as indicated by the growth curves for 
each sex. The hatchling class was poorly represented in samples 
because of the low level of surface activity of the population dur- 
ing August, September, and October, and because mortality had 
greatly reduced its numbers by the following spring. However, the 
size of this class was estimated from knowledge of the relative sizes 
of various age classes of reproductive females and their fecundity. 
Survivorship curves were then estimated both for the sample from 
the Wiggins Area and for the combined sample from all other areas. 
Results were similar and indicated a mortality rate decreasing with 
time but amounting to approximately 75 per cent by the fourth full 
season. 
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INTRODUCTION 


Short-tailed shrews of the genus Cryptotis occur in extreme 
southeastern Canada, throughout the eastern half of the United 
States, in all of México except the northwestern part, in Central 
America, and on the Andes of South America as far east as Venezuela 
and as far south as southern Ecuador. The genus was represented by 
a diverse and well-differentiated assemblage of species as early as 
the Pliocene, and differentiation apparently still is occurring. The 
altitudinal range of Recent species is from near sea level in the 
United States and northeastern México to above the level of forest 
vegetation in Central and South America. The species best known 
to neomammalogists in the United States, Cryptotis parva, is a com- 
mon resident of mesic prairie habitat and of marshes and meadows 
within the eastern deciduous forest. Farther to the south, other 
representatives of the genus occur im arid scrub thickets, rainforests, 
grassy llanos, cloud forests, pine-oak forests, and paramo. 

The present study was concerned only with the representatives of 
the genus Cryptotis that occur in Middle America as here defined— 
Central America and México, in addition to a few localities along the 
Rio Grande in southernmost Texas. Arbitrary limitation of the re- 
search topic along political boundaries excluded part of the geo- 
graphic range of one species, C. parva, the nominate subspecies of 
which does not occur in Middle America. South American taxa of 
Cryptotis, as well as United States populations of C. parva, will be 
reviewed in other reports. 

Knowledge of the habits and relationships of members of the 
genus Cryptotis has lagged behind that of less secretive, more spec- 
tacular mammals. As a result, although the genus is represented by 
more than forty named kinds, it remains one of the least under- 
stood of the widely distributed American genera of mammals. Mer- 
riam (1895:6-8) summarized the early taxonomic history of the group; 
only 16 taxa were recognized at the time of his revision, nine of 
which he named as new. Subsequently, the number of available 
names from Middle America alone has increased to 34, but in the 
accounts beyond only 18 named kinds, representing eight species, 
are recognized. 

The aims of this study were: to establish a usable classification of 
Middle American taxa of the genus Cryptotis; to delineate intra- and 
inter-specific patterns of variation; to summarize what is known of 
their distribution, ecology, and reproduction, and thus stimulate 
ecologically oriented research; to assess relationships of extinct to 
extant taxa; to interpret zoogeographic patterns; and through these 
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studies to stimulate additional collecting and application of bio- 
systematic and biometrical techniques for future consideration of the 
intricate interrelationships of these shrews. 


MATERIALS AND ACKNOWLEDGMENTS 


At the time of Merriam’s (1895) review of Cryptotis (then considered a 
subgenus of Blarina), 219 specimens were available from Middle America and 
southernmost Texas. The majority of those specimens were part of the outstand- 
ing collection of birds and mammals amassed by E. W. Nelson and E. A, 
Goldman as a result of their exploratory studies in México for the Bureau of the 
Biological Survey. Three-quarters of a century later, only 735 conventionally 
prepared museum specimens have been available for study. The insubstantial 
increase in number of specimens underscores the importance of the collections 
made by Nelson and Goldman and is one of the principal reasons why shrews of 
the genus Cryptotis are so poorly known taxonomically and ecologically. 


In addition to the 735 standard museum specimens (skins, skulls, and speci- 
mens in alcohol) examined, I have studied 1381 mandibles and partial crania 
from owl pellets or from Mayan ruins (denoted in lists of specimens examined by 
an asterisk). Also examined were approximately 50 fossils, representing all 
known extinct taxa of the genus Cryptotis as well as a closely related genus, 
Paracryptotis. 

I am indebted to the curators of the following institutions, who placed 
specimens at my disposal. Abbreviations preceding names of institutions are 
used in the accounts beyond to identify the source of specimens. 


ALG Alfred L. Gardner (private collection ) 

AMNH ~ American Museum of Natural History, Richard G. Van Gelder 
and Sydney Anderson 

ANSP Academy of Natural Sciences of Philadelphia, R. R. Grant, Jr. 

BMNH _ British Museum (Natural History), J. E. Hill 

CAS California Academy of Sciences, Robert T. Orr 

ENCB Escuela Nacional de Ciencias Biolégicas, Ticul Alvarez S. 

FMNH ~ Field Museum of Natural History, Joseph C. Moore and Philip 
Hershkovitz 

INAH Departmento de Prehistoria, Instituto Nacional de Anthropologia 
e Historia, Ticul Alvarez S. 

JDS James Dale Smith (personal collection ) 

KU Museum of Natural History, The University of Kansas, J. Knox 
Jones, Jr. 

LACM Los Angeles County Museum, Donald Patten and Andrew Starrett 


LSU Museum of Zoology, Louisiana State University, George H. 
Lowery, Jr. 

MCZ Museum of Comparative Zoology, Harvard University, Barbara 
Lawrence 

MVZ Museum of Vertebrate Zoology, The University of California, 
W. Z. Lidicker, Jr., and Seth B. Benson 

ROM Royal Ontario Museum, Randolph L. Peterson and J. R. Tamsitt 


TCWC Texas Cooperative Wildlife Collection, Texas Agricultural and 
Mechanical University, William B. Davis and Dilford C. Carter 
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TNHC Texas Natural History Collection, The University of Texas, 
Charles L. Douglas 

UMMP Museum of Paleontology, The University of Michigan, Claude W. 
Hibbard 

UMMZ Museum of Zoology, The University of Michigan, William H. 
Burt and Emmet T. Hooper 

UNAM Instituto de Biologia, Universidad Nacional Auténoma de México, 
Bernardo Villa-R 

USNM United States National Museum, including the Biological Surveys 
Collection, Charles O. Handley, Jr., Henry W. Setzer, and R. H. 
Manville 

WGB W. Glen Bradley (private collection ) 


I am appreciative of grants-in-aid for museum visitations, as well as an 11- 
month traineeship and 3-month extension of that traineeship, from the National 
Science Foundation (Grant GB-4446X), administered by the Committee on 
Systematics and Evolutionary Biology at The University of Kansas. Support for 
field studies in Middle America was made available through a contract (DA-49- 
193-MD-2215) to Dr. J. Knox Jones, Jr., from the U.S. Army’s Medical Re- 
search and Development Command. A grant from the Watkins Fund, The 
University of Kansas Museum of Natural History, enabled examination of 
specimens in México. Computer time allotted to me by the Department of 
Zoology enabled use of the GE 635 computer at The University of Kansas 
Computation Center. 

I am especially grateful to Dr. J. Knox Jones, Jr., who supervised the re- 
search, examined holotypes and other specimens for me at the British Museum 
(Natural History), and critically reviewed the manuscript. Drs. Robert S. Hoft- 
mann and Charles O. Handley, Jr., also reviewed the manuscript, and the latter 
made numerous helpful suggestions during the course of the research. 

Several other persons deserve acknowledgment because of assistance or 
advice rendered. Foremost of those is Dr. Claude W. Hibbard, who spent con- 
siderable time in direct communication and correspondence regarding relation- 
ships of fossil shrews. Of the graduate students at Kansas, Hugh H. Genoways, 
Carleton J. Phillips, and James Dale Smith have been especially helpful; Smith 
assisted with statistical programs and analyses. Others with whom beneficial 
discussions were held include Dr. Guy G. Musser, Dr. Sydney Anderson, Sr. 
Ticul Alvarez S., and Dr. E. Raymond Hall, under whose guidance the study 
was begun. 

Finally, I especially acknowledge my wife, Fi, who prepared the illustra- 
tions, contributed valuable clerical assistance, and provided the encouragement 
needed to complete the study. 


MeTHODS 


The preliminary step in a study such as the one undertaken here 
necessarily is to derive an estimate of intra-populational variation in 
a known species for which an adequate sample is available. I chose 
for this purpose a large sample of C. mexicana from the highlands of 
Veracruz. Specimens from that sample were grouped separately 
according to sex and age, but subsequent statistical tests demon- 
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strated the feasibility of pooling mensural data from males and fe- 
males of all ages (excepting nest young and atrophic old adults). 

Using intra-populational variability in C. mexicana as a guide- 
line, a search for useful taxonomic characters was undertaken. All the 
holotypes of Middle American taxa of Cryptotis, as well as the pub- 
lished diagnoses of each, were studied and distinctive features of 
each holotype were compared. Characteristics by which the holo- 
types differed then were tested by comparison with series of para- 
types. It was discovered that many characters used by previous 
authors (as well as some devised by me) to discriminate between 
species are attributable to seasonal or other sources of infraspecific 
variation. Subsequent examination of holotypes and paratypes, how- 
ever, revealed cranial, dental, and pelage characteristics by which 
eight nominal species can be distinguished. Ilustrations of some of 
these characters were prepared by means of a Wild Heerbrugg 
Stereomicroscope to which a drawing tube had been fitted. 

Having estimated intra-populational variability and established a 
series of interspecific characters, external, cranial, and dental mea- 
surements were selected for subsequent analyses of non-geographic 
and geographic variation. In the following accounts, measurements 
of total length, length of tail, and length of hind foot are those re- 
corded by the collectors. Cranial measurements were taken by me 
with an ocular micrometer in a binocular microscope (15 & magnifi- 
cation) to which a movable platform and vernier scale were attached. 
All external and cranial measurements are in millimeters, and 
weights are in grams. Cranial measurements are defined below and 
illustrated in Fig. 1. 

Condylobasal length (a)—From the anterior surface of the fused 
premaxillae at a point midway between the falciform incisors to the 
posterior surface of the occipital at a point midway between the 
occipital condyles. This measurement can be taken accurately only 
if all extraneous tissue has been removed from between the incisors. 
The anterior surface of the fused premaxillae is convex in some 
specimens and concave in others; the measurement always was taken 
from the midpoint. 

Palatal length (b).—From the anterior surface of the fused pre- 
maxillae (as in condylobasal length) to the posterior surface of the 
hard palate at a point midway between the pterygoid processes. In 
some specimens the posterior surface of the hard palate is convex, in 
some it is concave, and in occasional specimens a posteriorly project- 
ing process is situated midway between the pterygoids. When a 
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Fic. 1. Skull of Cryptotis goldmani alticola (KU 112039) showing measure- 
ments described in text. Interorbital breadth (d) is illustrated on the dorsal view 
of the skull, but in practice was measured from the ventral aspect (see text). 


process was present, the measurement was taken to one side or the 
other; otherwise, it was taken from the midpoint. 

Maxillary breadth (c).—Distance between the lateral tips of the 
zygomatic processes of the maxillaries. Specimens in which one or 
both processes were broken were not measured. Also, old adults 
having obviously atrophic processes were not measured. 

Interorbital breadth (d).—The breadth of the interorbital region 
at a point level with the posterior surface of the hard palate. 

Maxillary toothrow (e).—From the labial point of juncture of the 
crowns of the falciform incisor and first upper unicuspid to the pos- 
terior surface of the third upper molar. In a few specimens having 
no contact between the incisor and unicuspid the measurement was 
taken from the posterior surface of the falciform incisor. 

Cranial breadth (f).—Greatest lateral breadth of the braincase. 

Length of M2 (g).—From the anterior surface of the parastyle to 
the posterior surface of the metastyle, taken parallel to a plane 
passing through those two points. A slightly different reading would 
result if the measurement were taken parallel to the plane of the 
maxillary toothrow or to the long axis of the skull. 

Various authors (for example, Jackson, 1928:14), have commented 
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on the necessity for consistency of technique when studying color of 
mammals having iridescent hair. It is important not only that the 
light be of approximately the same intensity and that it strike the 
specimens at the same angle, but also that each specimen be viewed 
from the same angle. For example, representatives of the mexicana- 
group of the genus Cryptotis appear distinctly more grayish (less 
reddish) when viewed from the posterior end as opposed to the 
anterior end because of added visual effect of the basal gray region 
of the pelage. Jackson (1915:20) tried to overcome this problem in 
his study of moles by consistently viewing specimens from the an- 
terior end, but he (1928:14) reversed the angle of view in his study 
of shrews in the genus Sorex. In Cryptotis, I consider the coloration 
of the tips of the hairs to be more useful taxonomically than the 
combined effect of coloration of tips and basal region, so I viewed 
specimens from the anterior end. 

Optimally, examination of color of mammals with iridescent 
pelage should be performed with a constant source of light, but ex- 
amination of specimens at different museums (using various sources 
of light and receiving reflection from various background surfaces) 
precludes absolute uniformity. My standard procedure was to place 
specimens on a white surface and examine them from above the 
anterior end at an angle of about 45°, with a white fluorescent lamp 
located directly overhead as the primary source of light. 

Capitalized color terms used herein are from Ridgway (1912). 
Liberal use was made of comparative terminology when it was im- 
possible to match colors of specimens with those of Ridgway. No 
attempt was made to characterize color accurately in certain taxa 
because available specimens are not suited for that purpose as a 
result of unsatisfactory preparation or changes in color subsequent 
to preparation. 

My observations on foxing in Cryptotis agree fully with Meester’s 
(1963:2) comments on foxing in shrews of the genus Crocidura in 
southern Africa. Specimens that have been in collections for several 
decades, such as the excellent series from México that was collected 
around the turn of the century by Nelson and Goldman, are reddish 
brown in color; these same specimens, however, were described by 
Merriam (1895) as “dusky or sooty black” or “sooty brown.” Obvi- 
ously, as a result of foxing, there has been a substantial change in 
color from black or dark brown to reddish brown. Another example 
concerns the holotype of C. mexicana madrea, which Goodwin 
(1954a:1) characterized as “blackish . . . less reddish than specimens 
.. . from Jico, Veracruz,” but which, only 15 years later, is more 
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distinctly reddish than any other specimen of mexicana examined. 
Because of the uncertainties regarding rapidity and degree of foxing, 
it was not considered prudent, unless recently collected specimens 
were available for comparison, to utilize precise standards of color 
nomenclature to describe differences that may simply be a function 
of time in preservation or the kind of fumigants used to protect 
collections. 

Methods of statistical analysis used in this study were selected 
for their utility and ease of interpretation, and have been described 
in greater detail by Smith (1969). The logic underlying most of the 
testing procedures used is discussed by Sokal and Rohlf (1969). 
Initial analysis involved computation of standard statistics (mean, 
range, standard deviation, standard error of the mean, variance, and 
coefficient of variation) for all specimens of a species from each of 
several individual or pooled localities. Males and females were con- 
sidered separately to assess differences resulting from secondary sex- 
ual variation, and the different age categories were treated in like 
manner to determine the effects of variation with age. When two or 
more group-means were compared, a single classification analysis of 
variance was used to test (F-test, .95 level of confidence ) for signif- 
icant differences among means. A program (UNIVAR) that was dis- 
cussed by Power (1970), and which makes use of Gabriel's (1964) 
Sum of Squares Simultaneous Test Procedure (SS-STP), was em- 
ployed to determine maximum non-significant subsets (groups of 
means), and thereby facilitate interpretation of trends in variation of 
individual characters. Multivariate analyses were conducted by 
means of a revised version of the Classical Numerical Taxonomy Sys- 
tem (CLNTS-Version 2) at The University of Kansas. This program 
was used to generate taxonomic distance coefficients among samples 
from standardized character values, as well as phenograms based on 
UPGMA (unweighted pair-group method using arithmetic aver- 
ages). The distance matrices and phenograms facilitated interpreta- 
tion of overall similarities between Operational Taxonomic Units 
(OTUs), which in the case of geographic variation corresponded to 
standardized sample means. 

Because of the paucity of series adequate for statistical analyses, 
it often was necessary to pool data from nearby localities. Samples 
of the four geographically variable species of Cryptotis in Middle 
America were pooled as shown below; localities are listed in abbre- 
viated form, but precise localities can be found in lists of specimens 
examined. 
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Cryptotis mexicana 

Sample 1—TAMAULIPAS: Gomez Farias. VERACRUZ: Zacualpan. 
QUERETARO: Pinal de Amoles. HIDALGO: Encarnacion; Molango; Za- 
cualtipan; Acaxochitlan; Tulancingo. PUEBLA: Honey. 

Sample 2—HIDALGO: Tenango de Doria. PUEBLA: Villa Juarez; 
Huauchinango; Xocoyolo; Zacapoaxtla. 

Sample 3.—VERACRUZ: Tlapacoyan; Jalacingo; Las Vigas; La Joya; 
Jalapa; Xico; Teocelo. 

Sample 4—VERACRUZ: Huatusco; Coscomatepec; Orizaba. 

Sample 5.—VERACRUZ: Volcan San Martin. 

Sample 6—OAXACA: Papalo Santos Reyes; Vista Hermosa; Llano de las 
Flores; Ixtlan de Juarez; Cerro San Felipe. 

Sample 7—OAXACA: Totontepec; San Pedro Cajonos; Cerro Zempoal- 
tepec; “Colonia Rudolfo Figuroa.” 

Sample 8—OAXACA: Oaxaca de Judrez; Sola de Vega; Santos Reyes 
Nopala; San Miguel Suchixtepec; Lovene. 


Cryptotis goldmani 


Sample 1—MICHOACAN: Cd. Hidalgo. ESTADO DE MEXICO: Sala- 
zar; Cerro Ajusco; Lagunas de Zempoala; Amecameca; Nevado de Toluca; 
Volcan Popocatépetl. DISTRITO FEDERAL: Bosenchere; Cerro de Santa 
Rosa; Canon Contreras. 

Sample 2.—JALISCO: Autlan; Cd. Guzman; Volcan de Fuego; Nevado de 
Colima. MICHOACAN: Cerro Tancitaro. 

Sample 3—GUERRERO: Omilteme; Chilpancingo. 

Sample 4.—OAXACA: Vista Hermosa; Llano de las Flores; San Andres 
Chicahuaxtla; Cerro Zempoaltepec; Mixtequilla; Tehuantepec; Lachao; Santa 
Maria Ozolotepec; San Juan Ozolotepec; San Miguel Suchixtepec. 

Sample 5.—CHIAPAS: San Cristébal de las Casas. 

Sample 6—GUATEMALA: Todos Santos Cuchumatan. 


Cryptotis parva 

Sample 1—TEXAS: Del Rio; Brownsville. COAHUILA: Melchor Miuz- 
quiz. TAMAULIPAS: Camargo; Matamoras. 

Sample 2—TAMAULIPAS: Cd. Victoria; Piedra; Ocampo; Gomez Farias; 
Altamira. SAN LUIS POTOSI: El Salto; Platanito; Alvarez. 

Sample 3.—NAYARIT: Tepic. JALISCO: Guadalajara; Mascota; Hua- 
scata; Ocotlan. GUANAJUATO: Guanajuato. MICHOACAN: Cumuato; La 
Palma; Quiroga; Patzcuaro; Morelia; Rancho Baralosa. 

Sample 4.—ESTADO DE MEXICO: San Juan Zitlaltepec; Tlapacoyan. 
DISTRITO FEDERAL: Bosque Chapultepec; Tlalpan. 

Sample 5.—SAN LUIS POTOSI: Xilitla; Huichihuayan. VERACRUZ: EI 
Brinco. PUEBLA: Metlaltoyuca; Villa Juarez; Huauchinango. 

Sample 6.—VERACRUZ: Jalapa; Xico; Cerro Gordo; Teocelo; Boca del 
Rio; Mecayucan; Cordoba; Orizaba; Catemaco. 

Sample 7—OAXACA: Teotitlan del Camino; Tuxtepec; Choapan; Putla; 
Santiago Lachiquiri; Sola de Vega; Sta. Catarina Juguila; San Gabriel Mix- 
tepec; Puerto Escondido; San Miguel Suchixtepec; San Agustin Loxicha; Pluma 
Hidalgo. 

Sample 8.—CHIAPAS: Yajalén; Pueblo Nuevo Solistahuacan; San Cris- 
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tobal de las Casas; Volcan Kagchina; Cueva Los Llanos; Comitan; Villa Flores; 
Prusia; Finca Esperanza; Huixtla. 

Sample 9—GUATEMALA: La Primavera; Panajachel. 

Sample 10—HONDURAS: Lago de Yojéa; Belén; Cerro Cantoral; Yusca- 
ran. EL SALVADOR: Cerro Montecristo. NICARAGUA: San Raphael del 
Norte. 

Sample 11—COSTA RICA: Cinchona; Zarcero; “Irazti Range”; Finca 
Coliblanca; San José; San Pedro Montes de Oca; Estrella; Cartago; Cerro 
Tablazo; E] Mufeco; “Guarco.” PANAMA: Santa Clara; Cerro Punta-Boquete 
trail. 


Cryptotis nigrescens 


Sample 1—YUCATAN: Mérida; Chichén Itza; Uxmal; Xbac. QUINTANA 
ROO: Laguna de Chichancanab. CAMPECHE: La Tuxpena. BRITISH HON- 
DURAS: Baking Pot. GUATEMALA: Uaxacttn. 

Sample 2.—CHIAPAS: Volcan Kagchina; Cueva Los Llanos. GUATE- 
MALA: Jacaltenango; La Primavera. HONDURAS: San José; Las Flores; 
Yuscaran. EL SALVADOR: Cerro Cacaquatique. 

Sample 3—COSTA RICA: Tilaran; San Isidro de E] General; Volcan 
Irazi. PANAMA: Cerro Punta; Volean de Chiriqui; Santa Clara. 

Sample 4—PANAMA: Cerro Tacarcuna; Cerro Mali; Cerro Pirre. 


The arrangement of species in the accounts that follow is more or 
less from the most generalized forms to those most specialized within 
species-groups. The first two species-groups (the mexicana-group 
and parva-group) probably are monophyletic, whereas the third 
group (Relict species) consists of three primitive species with un- 
certain phylogenetic affinities. The species-groups have no formal 
taxonomic significance and are discussed following the accounts of 
species. Subspecies are arranged alphabetically within species. 


The first citation in synonymies is to the original description, 
which I have consulted in every instance. The second citation is to 
the first usage of the name combination presently employed if it dif- 
fers from the name as originally proposed. Next is a chronological 
listing of other names and name combinations that have been ap- 
plied in the literature to the taxon as here recognized. I have cited 
only those publications in which specimens and precise localities are 
listed (excluding simple reference to type localities); the single ex- 
ception is Hall and Kelson’s (1959) “The mammals of North Amer- 
ica.” The latter is included because it is the most recent compilation 
of literature on distribution of North American representatives of the 
genus Cryptotis and, therefore, is the reference most likely to be 
consulted for information relating to prior research. Subjective 
synonyms in synonymies include designation of type locality. The 
word “part” appears italicized and in parentheses after an entry in 
synonymy if the name was applied only in part to the taxon as here 
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recognized, Entries were made occasionally in synonymies solely 
because they were pertinent to the historical background of the 
taxon. 

Middle American countries, states of México, and_ localities 
within Mexican states and Central American countries are arranged 
from north to south in lists of specimens examined. When two or 
more localities are at the same latitude, they are arranged from west 
to east. Departamentos of Central American countries are not indi- 
cated in lists of specimens examined, but are in the gazetteer. Local- 
ities in italics were not plotted on distribution maps because undue 
crowding would have resulted. 


COMMENTS ON TAXONOMIC CHARACTERS 


Dental formula—Embryological studies, reviewed by Choate 
(1968:252) and Meester (1963:10), to determine homologies of the 
so-called “unicuspids” of shrews are not in agreement. Repenning’s 
(1957:3) suggestion to refer to all teeth situated between the first 
incisors and molars as “antemolars” is almost as indefensible as 
Merriam’s (1895:5) arbitrary designation of homologies; the former 
conceals the fact that the “fifth upper and second lower antemolars” 
in Cryptotis are known beyond any reasonable doubt to represent 
P4 and p4, respectively. In the sincere hope that future studies will 
show convincingly the homologies of teeth in shrews, I have at- 
tempted to avoid the problem of semantics by retaining use of the 
term “unicuspid” and by referring to the normal dental formula for 
Recent shrews of the genus Cryptotis as: 


1 (falciform incisor) — - 4 (unicuspids) - 1 (P4) - 3 molars 


1 (procumbent incisor ) - 1 (unicuspid) - 1 (p4) -3 (molars ) 


This formula was derived by loss of one upper unicuspid (probably 
P3) from the primitive soricid dental formula (1-5-1-3/1-1-1-3), which 
was intact in at Jeast one Pliocene representative of the genus 
Cryptotis and is retained in a related genus, Blarina. A strong ten- 
dency toward further reduction of the formula to 1-3-1-3/1-1-1-3 is 
exhibited by certain populations of C. mexicana. 

Bulbous dentition—Bulbous teeth have convex rather than 
straight sides and are robust in appearance. They give the impres- 
sion of being particularly well adapted for crushing, as opposed to 
shearing or cutting by non-bulbous teeth, and are resistant to wear. 
The first three upper unicuspids in taxa having bulbous teeth typi- 
cally are enlarged and disproportionately robust, whereas the fourth 
typically is reduced in size and peglike in appearance. The postero- 
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lingual basal cusplets of the upper unicuspids likewise are reduced 
or sometimes lacking. Bulbous upper molars tend to be almost 
square in occlusal outline, and the posterior surfaces of P4-M2 are 
only slightly, if at all, emarginate. Probably the primitive condition 
is somewhere between the extremes of bulbous and non-bulbous 
dentitions; the extremes undoubtedly have evolved independently in 
several lineages and considerable geographic variation in tooth 
structure occurs in certain wide-ranging species. 

Posterior surfaces of P4-M2.—The first and second upper molars 
primitively were almost square in occlusal outline, and their pos- 
terior surfaces, as well as that of the fourth upper premolar, were 
not emarginate. Adaptations to permit efficient shearing or cutting 
have resulted in reduction or loss of the hypocone, lingual expansion 
and specialization of the hypoconal basin, and a tendency for emar- 
gination of the posterior surfaces on the upper molariform teeth. The 
degree of emargination arbitrarily has been described herein by the 
comparative terms “considerably,” “moderately,” “slightly,” or “not 
at all.” Although certain species exhibit marked geographic variation 
of this characteristic, it remains a useful means of describing one 
aspect of specialization of non-bulbous teeth. 

Protoconal and hypoconal basins —The protoconal basin is de- 
fined herein as the basin-shaped region of each upper molariform 
tooth that separates the protocone from the paracone and metacone. 
The hypoconal basin is the basin-shaped region between the hypo- 
cone (which is vestigial and consists merely of an elevation on 
the lingual lip of the basin) and metacone. Comparisons of proto- 
conal and hypoconal basins in accounts provide an index to one or 
the other of two evolutionary events: reduction (antero-posterior 
compression) of the protoconal basin, and postero-lingual expansion 
of the hypoconal basin. Primitively the two basins were approxi- 
mately the same size; reduction of the protoconal basin was related to 
reduction in length of toothrow, whereas expansion of the hypoconal 
basin was not associated directly with length of toothrow because 
expansion was in the postero-lingual direction and did not neces- 
sarily involve elongation of the tooth. 

Cristae of upper molars—TYo my knowledge, no names previ- 
ously have been applied by students of Recent mammals to the crests 
that connect the styles and cones on the ectoloph of each upper 
molar in taxa that retain the basic tribosphenic pattern. Appropriate, 
although somewhat cumbersome, terms were proposed for extinct 
mammals by Van Valen (1966:7-9), as follows: the paracrista is the 
crest that connects the parastyle and paracone; the precentrocrista 
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ectoloph 
5 SS 
anterior posterior 
element element 
metastyle 
arastyle 
A y mesostyle 


aracrista A 
Pp metacrista 


Paracone metacone 


precentrocrista postcentrocrista 


protocone 
hypocone 


Fic, 2. First left upper molar of Cryptotis magna (KU 99542) illustrating dental 
terminology used in text. 


connects the paracone and mesostyle; the postcentrocrista connects 
the mesostyle and metacone; the metacrista connects the metacone 
and metastyle (Fig. 2). Primitively, the arrangement of crests re- 
sulted in the typical dilambdodont structure of each of the upper 
molars, but reduction or elimination of certain of the posterior crests 
and cusps has obliterated the primitive pattern on M3 of all but the 
most unspecialized dentally of Recent taxa of Cryptotis, as discussed 
below. 

Homologies of cusps on M3.—Interpretations of homologies of 
cusps on the third upper molars of soricids differ from author to 
author. The following comparison of suggested homologies is from 
H. H. T. Jackson’s review of the American long-tailed shrews (genus 
Sorex) and Jurgens Meester’s revision of the genus Crocidura in 
southern Africa: 


Jackson (1928:15) Meester (1963:29) 


Labial cusp paracone parastyle 
Central cusp mesostyle paracone 
Two posterior cusps metacone mesostyle 
Postero-lingual cusp not named metacone 
Antero-lingual cusp protocone protocone 


One reason for past confusion regarding homologies of cusps on 
M3 is that in both Sorex and Crocidura that tooth is relatively re- 
duced and specialized. In Cryptotis, however, the species recog- 
nized here form a linear sequence of specialization ranging from the 
primitive complement and arrangement of cusps to a situation in 
which these are highly reduced, thus homologies are evident (Fig. 3 
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Fic. 3. Sequence (semi-diagrammatic) of reduction and specialization of the 

ectoloph of the third upper molar in Cryptotis: A, hypothetical blarinine an- 

cestor; B, C. gracilis (KU 106941); C, C. magna (KU 99542); D, C. mexicana 

mexicana (KU 23413); E, C. nigrescens merriami (KU 84365); F, C. parva 

pueblensis (KU 23415); G, C. goldmani alticola (KU 112039); H, C. goodwini 

(KU 64610). The upper third molar of C. endersi (not illustrated) is similar to 
that of C. gracilis. Note also changes in overall configuration of tooth. 


—compare with Fig. 2). My interpretation of homologies agrees 
with that of Meester (loc. cit.). 

Zygomatic plate—In Cryptotis, as in other mammals, the zygo- 
matic plate is derived at least in part from the maxillary bone, and 
forms the outer wall of the infraorbital canal. Its placement in 
Cryptotis varies functionally and phylogenetically with the place- 
ment of the maxillary process, which also is a vestige of the zygo- 
matic arch. The anterior and posterior borders of the zygomatic 
plate are well-defined; their placement with respect to the toothrow 
can be described with reference to M3 or to one or another of the 
three prominent styles on the labial surface of either M1 or M2. 
Primitively, the maxillary process was situated farther anteriorly 
with respect to the toothrow (possibly as far as directly above M2) 
than in most Recent taxa. Accordingly, the anterior border of the 
zygomatic plate was above, or slightly anterior to, the parastyle of 
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Fic. 4. Comparison of position and structure of the zygomatic plate in (A) C. 
parva pueblensis (KU 23415) and (C) C. mexicana mexicana (KU 23413). 
The inset (B) represents a hypothetical blarinine ancestor. 


M1, and the posterior border was above, or anterior to, the mesostyle 
of M2. In the most advanced Recent taxa, as well as highly special- 
ized extinct species, the anterior border is situated above the junc- 
ture of MI and M2, whereas the posterior border is posterior to the 
zygomatic process and approximately above M3 (Fig. 4). 

Arrangement of cusps on ectoloph of M1.—Although the ar- 
rangement of stylar cusps is similar on M1 and M2, M1 was selected 
for reference because slight antero-posterior compression of M2 
tends to conceal otherwise distinctive characteristics. The anterior 
and posterior stylar cusps (the parastyle and metastyle, respectively) 
of MI and M2 undergo independent embryonic development, as 
shown for bats by Marshall and Butler (1966) and Phillips (1969), and 
possibly are subject to independent genetic control. Each of the 
anterior and posterior elements of the ectoloph contributes to the 
mesostyle, and fusion is not complete in occasional specimens of 
Cryptotis and most specimens of Blarina. In labial view, the valley 
separating the parastyle and mesostyle of M1 may be narrower than 
or as broad as the valley separating the mesostyle and metastyle. 
This characteristic is referred to in diagnoses by comparing the ex- 
tent of reduction of the anterior element of the ectoloph of M1 
relative to the posterior element. 

Talonid of m3.—Repenning (1967:39) mistakenly assumed that a 
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reduced talonid, consisting of oniy one cusp, on the third lower 
molar is a generic characteristic of Cryptotis. Actually, the talonid 
of m3 in Cryptotis exhibits considerable variation as to degree of 
reduction and specialization; it varies from the primitive condition, 
in which the talonid is elongate and bears a pronounced hypoconid 
and entoconid, to the opposite extreme, in which the talonid is short 
and narrow and consists only of a vestigial hypoconid. 

Vermiculations—The hair of certain representatives of the genus 
Cryptotis (and of other shrew genera) has a structural peculiarity that 
is visible to the naked eye. When one blows on the pelage to separate 
the hairs, a series of pale rings or bands, which were termed “ver- 
miculations” by Jackson (1915:11), can be seen in the gray basal 
region. With magnification, vermiculations can be seen to corre- 
spond to kinks in the pelage, and probably are related to differential 
refraction of light by curved, as opposed to straight, regions of indi- 
vidual hairs. Vermiculations are more numerous in long winter 
pelage than in short summer pelage, and are more distinctive in 
populations inhabiting cool forests at high elevations than in popu- 
lations from lower elevations. The functional significance of ver- 
miculations in moles has been related to their fossorial habits; Jack- 
son (loc. cit.) suggested that vermiculations are related to the capac- 
ity of mole pelage to lay almost equally well either forward or 
backward. Accordingly, certain species of Cryptotis, such as C. 
goldmani, that demonstrate pronounced vermiculations and have 
lax, molelike pelage have been suggested by coilectors to be semi- 
fossorial in habits. Furthermore, those species in which vermicula- 
tions are mosi prominent also are characterized by well-developed 
forefeet and claws. 


NON-GEOGRAPHIC VARIATION 
Variation with Age 

In temperate regions of North America, shrews are born in spring 
or summer, usually reach sexual maturity the following spring, and 
rarely survive through a second winter. As a consequence, speci- 
mens collected in spring or summer represent three relatively dis- 
tinct age classes: subadults (recently born); adults (first year ani- 
mals); and old adults (second year animals) (see, among others, 
Pearson, 1945, on Blarina brevicauda; Hamilton, 1940, on Sorex 
fumeus; Conaway, 1952, on Sorex palustris; Findley, 1955b, on Sorex 
vagrans). Working with Blarina, Choate (1968:253) was able to dis- 
tinguish four age categories, apparently corresponding to spring and 
summer litters of each of the two potential years of life. 
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Times of reproductive activity in Middle American representa- 
tives of the genus Cryptotis are not well known, and it is likely that 
some populations reproduce throughout the year. Specimens in col- 
lections superficially show almost continuous gradations of dental 
attrition, but when condition of pelage (see section beyond) is taken 
into account the following age categories, albeit arbitrary, can be 


defined: 
Young.—Teeth unworn; juvenal pelage. 


Subadult.—Crests and cusps of teeth slightly worn only on tips; 
fresh adult pelage or molting from juvenal to adult pelage. 


Adult.—Teeth noticeably worn; adult pelage. 


Old adult.—Cutting surfaces worn to base level; adult pelage. 

Because the deciduous dentition of Cryptotis is shed prior to 
birth, “juveniles,” defined by that criterion, occur only in utero. 
“Young” are recently weaned and still in juvenal pelage. In most 
species, wear on teeth becomes apparent at about the time of the 
post-juvenal molt, thus clearly delimiting the “subadult” category, 
but wear is not readily apparent until much later in representatives 
of species characterized by bulbous dentition. Criteria employed to 
distinguish between “subadults” and “adults” were adequate for 
most specimens, but assignment of a few borderline individuals to 
one or the other category was arbitrary on the basis of information 
gleaned from examination of other specimens in the series. Likewise, 
a few specimens were not readily assignable to one or the other of 
the “adult” or “old adult” categories, thus necessitating arbitrary 
designation. 

The largest sample available (excluding samples from ow] pellets 
and archaeological sites) of any of the taxa of Middle American 
Cryptotis was selected for study to determine which age categories, 
if any, could be pooled for analysis of geographic variation in ex- 
ternal and cranial dimensions. Nest young and obviously atrophic 
old adults were excluded from the sample and from all subsequent 
analyses. Thus restricted, the sample consisted of 85 specimens (16 
young, 20 subadults, 32 adults, and 17 old adults) of C. mexicana 
from eight localities in the vicinity of Jalapa, Veracruz. 

A significant difference (P < .01) among age categories was found 
for only one measurement, length of maxillary toothrow. Coefficients 
of variation for measurements of length of toothrow in many in- 
stances were higher than for other cranial measurements, possibly 
indicating that measurement is subject to sources of variability not 
considered in this analysis. The maxillary toothrow apparently is 
longest early in life, and decreases in length with increased age. 
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Other external and cranial measurements did not differ significantly 
(P > .05) with age; thus, specimens of all ages (excluding nest young 
and visibly atrophic old adults) were considered together in analyses 
of geographic variation. 

I realize that lack of significant morphometric variation with age 
in a single population of C. mexicana may not indicate lack of vari- 
ation with age in other species, or even in other populations of the 
same species from another part of its geographic range. However, 
no other samples of Middle American Cryptotis presently are large 
enough to permit comparable analyses. 


Secondary Sexual Variation 


Various authors, the most recent being Dapson (1968:125-126) in 
his study on Blarina, have alluded to slight secondary sexual vari- 
ation in size in some species of American shrews, whereas others, 
notably Jackson (1928:20) and Findley (1955b:7) in their studies on 
Sorex, found none. To determine whether secondary sexual differ- 
ences contribute to morphometric variation in Cryptotis, the same 
sample, with few exceptions, of C. mexicana that was used for analy- 
sis of variation with age was tested. The sample consisted of 82 
specimens (39 males and 43 females) collected (and sexed) primarily 
by W. W. Dalquest, E. A. Goldman, and E. W. Nelson. A significant 
difference (P < .05) between males and females (females being the 
larger) was found for only one measurement, length of maxillary 
toothrow, the only measurement for which significant variation with 
age was demonstrated. Other measurements did not exhibit signif- 
icant (P > .05) secondary sexual variation, and so far as I know there 
are no secondary sexual differences in proportions, color, or any 
other characters of taxonomic import in Middle American shrews of 
the genus Cryptotis. Males, females, and specimens for which no 
determination of sex was made by the collector thus were considered 
together in analyses of geographic variation. 


Individual Variation 


Individual variation, here defined to include all variability not 
attributable to age, sex, season, or place of capture, may be sub- 
divided into “abnormal” and “normal” individual variation. The 
former, as distinguished from the latter, involves unusual variability 
resulting from random selection from the gene pool of a species, as 
well as developmental abnormalities. Some kinds of variability may 
be “normal” for one or more populations of a species but “abnormal” 
for the species as a whole, and arbitrarily are classified in the latter 
category. 
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“Abnormal” individual variation—Abnormal variation in pig- 
mentation of pelage apparently is infrequent in Cryptotis. Elder 
(1960:506-507) reported a completely albinistic individual of C. parva 
from Missouri, and I examined a specimen (USNM 347435) of C. 
parva from Texas that lacks pigment in the hairs except in the basal 
gray region, which appears normal. Although no albinistic speci- 
mens were seen from Middle America, 24 specimens of C. mexicana, 
two of C. goldmani, and one of C. nigrescens were found to have 
scattered clusters of hairs that lack pigment at the tips. With respect 
to mexicana, the highest incidence of white-tipped hairs was in 
specimens from localities on the southern part of the Sierra Madre 
Oriental and on the Sistema Montanoso. 

Dental abnormalities also were infrequent except in specimens of 
mexicana from the coastal range of southern Oaxaca, almost all of 
which lack one or both of the fourth upper unicuspids. One or both 
of a pair of upper unicuspids also were missing from three specimens 
of mexicana from other populations, and from three specimens of 
nigrescens, two of parva, and one of goodwini. Other abnormalities 
found include: one specimen of parva (JDS, uncatalogued owl pellet 
material) with enormously robust parastyles on both second upper 
molars, causing those teeth to be markedly distorted; one specimen 
of mexicana (USNM 68553) with a bicuspidate third right upper 
“unicuspid’; and one specimen of gracilis (LSU 12655) that lacks all 
but a hint of dental pigmentation. 

“Normal” individual variation—The extremes and “means” for 
coefficients of variation for each of 10 measurements of all Middle 
American taxa of Cryptotis considered together are shown in Fig. 5. 
As illustrated, “means” are simple arithmetic means of coefficients 
of variation for all populations studied; they should not be inter- 
preted as average coefficients of variation in a statistical sense, but 
are included to indicate trends in variability among the 10 charac- 
ters. External measurements, which were taken by different field 
collectors, probably in slightly different ways, are more variable than 
cranial measurements, all of which were taken by me. Length of tail 
is the most variable measurement tested, possibly reflecting the fact 
that the pelvic girdle in shrews is situated at the extreme posterior 
end of the trunk (it is farther anterior in most other mammals) and 
interferes with measurement of the tail. Length of the second upper 
molar is the most variable cranial or dental measurement even 
though the extremes of samples tested seldom exceeded 0.2 mm. 
This apparent anomaly is due to the relatively large unit of measure 
(0.1 mm.) utilized; in order to reduce the coefficient of variation for 
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Fic. 5. Extremes and “means” (see text) of coefficients of variation (vertical 

axis) for each of 10 measurements (horizontal axis) of all Middle American 

taxa of Cryptotis considered together. A, total length; B, length of tail; C, length 

of hind foot; D, condylobasal length; E, palatal length; F, maxillary breadth; 

G, interorbital breadth; H, length of maxillary toothrow; I, cranial breadth; 
J, length of M2. 


length of M2 to a level comparable to those of other cranial and 
dental measurements, it would be necessary to measure the length of 
M2 at least to the nearest 0.01 mm. Variation in other cranial and 
dental measurements is consistently low, particularly considering the 
small size of certain samples tested (Table 1). 


Seasonal Variation 

The most conspicuous source of seasonal variation is related to 
differences in color and texture of seasonal pelages. These differ- 
ences, however, can be understood fully only when sufficient infor- 
mation is available as to the actual process of molt. 

Most data on molt in Cryptotis are from C. parva in the United 
States, but other Middle American species apparently conform to 
the same patterns. Furthermore, with few exceptions the patterns 
exhibited by Cryptotis are similar to those of other North American 
soricids (see Conaway, 1952, on Sorex palustris; Findley, 1955b, on 
S. vagrans; Hamilton, 1940, on S. fumeus; Jackson, 1928, on Sorex in 
general; and Findley and Jones, 1956, on Blarina brevicauda). 

The post-juvenal molt of Cryptotis (unlike that of Blarina, see 
Findley and Jones, op. cit.), is not uniform regardless of whether it 
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is to adult summer pelage or adult winter pelage. Molt from juvenal 
pelage to winter pelage begins on the venter or above the rump, 
usually progresses more rapidly on the venter than on the dorsum, 
frequently forms a “saddle” across the back, and progresses anteri- 
orly so that the top of the head is the last area on which molt is 
completed. Molt from juvenal to summer pelage is not so regular; 
sometimes it begins anteriorly and progresses posteriorly, but occa- 
sionally the reverse pattern (as in molt from juvenal pelage to winter 
pelage) occurs. Autumnal molt of adults follows the same pattern as 
post-juvenal molt to winter pelage. Spring molt, on the other hand, 
usually begins on the head and progresses ventrally and posteriorly 
so that the rump is the last area to molt, but a few specimens exhibit 
the reverse pattern. The overall pattern of molt, therefore, is as 
follows: the autumnal molt, irrespective of age, takes place according 
to a relatively fixed pattern (roughly from posterior to anterior), 
whereas the spring molt, whether from winter pelage to summer 
pelage or from juvenal pelage to summer pelage, is irregular (al- 
though most often proceeding from anterior to posterior). Compli- 
cating the matter is the fact that old adults (second year animals) 
molt erratically in that molt can begin at almost any time of the year, 
frequently stops before completion, and produces complicated pat- 
terns of old, new, and incoming hair. Probably the endocrinal or 
other physiological mechanisms that contribute to regulation of molt 
have ceased to function properly during the second year of life in 
these individuals. 

In most species of Cryptotis, juvenal pelage differs from adult 
pelage in being darker, grayer, and in having a “fuzzy” appearance. 
Also, juvenal pelage frequently lacks the basal gray region charac- 
teristic of adult pelage. There is some evidence that in at least a few 
taxa the first post-juvenal pelage averages darker than subsequent 
pelages; that is, the pelage of a young (first year) adult tends to be 
darker than that of an old (second year) adult in the same season. 
There is not sufficient differentiation, however, to justify recognition 
of the first post-juvenal pelage as a distinct subadult pelage, espe- 
cially since it conforms to the molt schedule of adult pelages. 

Seasonal regulation of molt exists in all species of Cryptotis, but 
it is not presently known whether schedules of molt in Middle 
American kinds conform more directly to temperate seasons (sum- 
mer and winter) or to tropical seasons (wet and dry). The distribu- 
tion of Cryptotis in tropical America, however, is most extensive 
within temperate ecological zones, supporting retention of classical 
terminology for seasonal pelages. 
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Winter pelage generally is longer and browner than summer 
pelage, but the degree of difference varies from species to species 
and from population to population within species. Seasonal differ- 
entiation of pelages is most pronounced in regions that experience 
pronounced climatic seasonality. Therefore, winter pelage is mark- 
edly longer and more luxuriant than summer pelage in C. goldmani, 
which occurs at high elevations where winter snow is frequent, 
whereas the distinction is slight in C. mexicana, which occurs in a 
relatively constant micro-environment on the floor of cloud forests. 
Failure of some previous workers to distinguish between winter and 
summer pelages in Cryptotis has resulted in taxonomic confusion; for 
example, specimens of C. goldmani collected in winter were named 
as one species and those taken in summer as another. 


Key TO RECENT MippLeE AMERICAN SPECIES OF CRYPTOTIS 


1. Tail elongate, more than 45 per cent of length of head and body; rostrum 
elongate; postcentrocrista and metacone usually present on M3, meta- 
crista sometimes present; entoconid present on m3. 


2. Dentition bulbous; posterior surfaces of P4-M2 never recessed: 


broad. 
3. Size large (total length 123-135; condylobasal length 22.5-23.7); 
occurs only in southern México ___-----________ C. magna, p. 287 


3’. Size medium (total length 109; condylobasal length 20.4); occurs 
only in southern Central America _.-- C. endersi, p. 285 


2’. Dentition not bulbous; posterior surfaces of P4-M2 sometimes slightly 
recessed; rostrum slender ____._____»»»_»_»_>_E C. gracilis, p. 281 


= 


. Tail not elongate, less than 45 per cent of length of head and body; 
rostrum not markedly elongate; postcentrocrista, metacone, and meta- 
crista usually reduced or lacking on M3; entoconid reduced or lacking 
on m3 in certain taxa. 


Ar Den titi Ong OU) OUS a er ee, ee C. nigrescens, p. 270 


4’. Dentition not bulbous. 
5. Front feet enlarged; claws conspicuously long and broad. 


6. Size large (total length 103-128; condylobasal length 20.4-21.9; 
cranial breadth 10.6-11.8); talonid of m3 reduced, consisting 
only of hypoconid, and shortened antero-posteriorly; winter 
pelage usually almost black; upper surfaces of feet usually 
|S) FY) le SO Saeed i Se a ee _ C. goodwini, p. 249 


Q 


. Size medium to large (total length in region of potential geo- 
graphic sympatry with goodwini 101-111; condylobasal length 
19.3-20.5; cranial breadth 10.1-10.8); talonid of m3 only mod- 
erately reduced, usually consisting only of hypoconid but rudi- 
mentary entoconid sometimes present, not shortened antero- 
posteriorly; winter pelage dark brown, usually with slight olive 
cast, upper surfaces of feet usually pale — C. goldmani, p. 239 
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5’. Front feet small; claws short and slender. 

7. Size medium (total length 83-112; condylobasal length 17.5- 
20.2); talonid of m3 almost always consisting of both hypoconid 
and well-developed entoconid; posterior surfaces of P4-M2 only 
slightly if at all recessed; color of venter usually dark, only 
slightly paler than dorsum — C. mexicana, p. 224 

7’. Size small (total length in region of geographic sympatry with 
mexicana 69-99; condylobasal length 15.3-18.4); talonid of m3 
consisting only of hypoconid; posterior surfaces of P4-M2 mod- 
erately to considerably recessed; color of venter whitish, con- 
siderably paler than dorsum __.._..___. bp ribne GC. parva, p. 251 


RECENT MippL— AMERICAN SPECIES OF CRYPTOTIS 
Cryptotis mexicana-group 


Cryptotis mexicana 
(Synonymy under subspecies) 


Distribution Sierra Madre Oriental from at least as far north as Gémez 
Farias, Tamaulipas, southward through northeastern Querétaro, Hidalgo, and 
northern Puebla to west-central Veracruz, with an isolated population on the 
Sierra de los Tuxtlas in southern Veracruz, thence southward on the Sistema 
Montanoso and the Sierra Madre del Sur in Oaxaca, and eastward across the 
Isthmus of Tehuantepec to the Mesa Central of Chiapas (Fig. 6). 


Diagnosis.—External characteristics: size medium for the genus (Table 1); 
tail relatively short, averaging 33-42 per cent of Jength of head and body; front 
feet and claws not enlarged; juvenal and adult summer pelages seldom dis- 
tinctively colored, blackish gray because of shortness of reddish brown tips on 
otherwise gray hairs; winter pelage luxuriant and vermiculations present only 
when pelage is fresh (and even then primarily at higher elevations), dorsum 
dark brown, varying from Sepia or Clove to Bister or Mummy Brown in old 
specimens (1894), near Bister or Clove in recently taken specimens (1964); 
overall appearance of venter usually only slightly paler than dorsum, although 
individual hairs tipped with pale buff. 

Cranial characteristics: rostrum relatively short; braincase angular; anterior 
limit of zygomatic plate varying from slightly anterior to metastyle of M1 to 
above juncture of M1 and M2; posterior limit of zygomatic plate at level of or 
posterior to maxillary process, above M3; dentition not bulbous; anterior ele- 
ment of ectoloph of M1 not reduced relative to posterior element; posterior 
surfaces of P4-M2 negligibly or only slightly recessed; protoconal basin of M1 
not reduced relative to hypoconal basin; M3 consisting of paracrista, precentro- 
crista, postcentrocrista, and metacone (vestigial metacrista, hypocone, or cingu- 
lar cusplet sometimes present); talonid of m3 consisting of well-developed 
hypoconid and entoconid, the latter infrequently reduced. 


Comparisons.—Comparisons with C. goldmani, C. magna, C. nigrescens, and 
C. gracilis are given in the accounts of those species. 

From C. goodwini, C. mexicana differs as follows: size smaller, both ex- 
ternally and cranially (although the extremes of some measurements of goodwini 
overlap those of the geographically distant subspecies C. m. nelsoni and C. m. 
peregrina—Table 1); front feet and claws conspicuously smaller; pelage darker, 
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Fic. 6. Geographic distribution of Cryptotis mexicana and C. goodwini. Solid 

circles, C. mexicana obscura; open circles, C. mexicana mexicana: circle solid 

below, C. mexicana nelsoni; circles solid right, C. mexicana peregrina; solid 
squares, C. goodwini; open square, literature record for C. goodwini. 


less luxuriant; anterior element of ectoloph of M1 not reduced relative to pos- 
terior element, as opposed to reduced; posterior surfaces of P4-M2 only slightly 
or not at all recessed, as opposed to considerably recessed; protoconal basin of 
M1 not reduced relative to hypoconal basin, as opposed to reduced; metacone 
and postcentrocrista usually present on M3, as opposed to seldom present. 

From C. parva, C. mexicana differs as follows: size conspicuously larger, 
both externally and cranially (Table 1); pelage darker, never whitish ventrally; 
zygomatic plate situated farther posteriorly; anterior element of ectoloph not 
reduced relative to posterior element; posterior surfaces of P4-M2 only slightly 
or not at all recessed, as opposed to considerably recessed in parva; protoconal 
basin of M1 not reduced relative to hypoconal basin; metacone and precentro- 
crista usually present on M3 (seldom present in parva); talonid of m3 consisting 
of both hypoconid and entoconid (reduced and consisting only of entoconid in 
parva). 

From C. endersi, C. mexicana differs as follows: tail relatively and actually 
shorter, averaging 29-36 (as opposed to 49) per cent of length of head and 
body; rostrum relatively and actually much less elongate; braincase more 
angular; dentition not bulbous. 


Remarks.—Authorship of the name “Blarina (Soriciscus) mexi- 
cana” (and names of certain other shrews) has been attributed to 
Spencer F. Baird by several workers who adhered to the expressed 
intention of Elliott Coues (1877:631) to honor Baird as the authority 
for names proposed formally by Coues. Merriam (1895) also listed 
Baird as the authority for mexicana, but his revision was published 
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prior to establishment of the International Rules of Zoological 
Nomenclature. Most authors—including Miller (1912), Miller (1924), 
Jackson (1928), Miller and Kellogg (1955), and Hall and Kelson 
(1959)—of taxonomic papers and compilations published subsequent 
to formal adoption of standardized rules of nomenclature have rec- 
ognized Coues as the authority for mexicana (and the other names in 
question). Article 50 of the International Code of Zoological Nomen- 
clature, as adopted in 1961 at the Fifteenth International Congress of 
Zoology, permits a person other than the author of the paper in 
which a name is proposed to be recognized as the author of that 
name only if he “is alone responsible both for the name and the 
conditions that make it available.” Coues admittedly contributed to 
the description of mexicana and therefore must be recognized as 
authority. 

In his lists of specimens in the British Museum, Gray (1843:xxi; 
1847:xi, 23) listed the “Mexican shrew,” “Blaria Mexicana,” from 
“Coban, South America” [Coban, Guatemala]. As pointed out by 
Merriam (1895:23), this name is a nomen nudum. 

The name “mexicana” has been applied, in one sense or another, 
to almost all of the large Middle American representatives of the 
genus Cryptotis. Merriam (1895) was the first to attempt a detailed 
treatment of geographic variation in C. mexicana, but he under- 
standably confused C. mexicana with the closely related C. gold- 
mani, and perpetuated the confusion by describing and naming two 
populations of C. goldmani as subspecies (goldmani and machetes) 
of C. mexicana. Subsequent workers resorted to liberal use of the 
term “mexicana-group” as a catch-all category for Middle American 
taxa herein referred to that group as well as several that are referred 
to other groups. Fifteen different specific and subspecific names (see 
synonymies of C. goodwini and of subspecies of C. mexicana and C. 
goldmani) have been applied to representatives herein classified in 
the mexicana-group. These resulted from the efforts of several re- 
searchers (Coues, 1877; Merriam, 1895; Miller, 1911; Jackson, 1933; 
Goodwin, 1954a; Schaldach, 1966; Genoways and Choate, 1967) to 
elucidate variation. However, by placing emphasis on differences 
(thereby shrouding similarities), they served inadvertently to retard 
a biological understanding of the group. 

Cryptotis mexicana is the most generalized representative of the 
mexicana-group, retaining more primitive morphological features 
than either C. goldmani or C. goodwini. It would be possible to 
derive the dental patterns in each of those species from the pattern 
in Recent mexicana by processes of reduction: emargination of pos- 
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terior surfaces of P4-M2; reduction and eventual loss of cristae and 
cusps on M3; and reduction and eventual loss of the entoconid on 
m3, followed by shortening of the talonid. Other external and cranial 
characteristics by which goldmani and goodwini differ from mexi- 
cana also are regarded as specializations. It seems likely, therefore, 
that mexicana was the precursor of both goldmani and goodwini; a 
zoogeographic interpretation of the events that may have resulted in 
this diversity is presented in a later section of this paper. 

Cryptotis mexicana is polytypic, consisting of four well-differenti- 
ated subspecies that do not vary markedly in color but differ signif- 
icantly in size. One of the subspecies (nelsoni) is isolated by a 
distance of at least 75 miles from the nearest area that is likely to be 
inhabited by other populations of the species at this time; gene flow 
among other subspecies apparently is continuous through narrow 
zones of intergradation. 

The distribution of mexicana is restricted primarily to humid 
montane forests in eastern and southern México. Elevations at which 
representatives of the species have been obtained vary as follows: 
3500-4400 feet on the Sierra Madre Oriental in Tamaulipas (see also 
Alvarez, 1963:396-397); 5500-9500 feet in Querétaro; 3700-9500 feet 
in Hidalgo; 4300-5000 feet in Puebla; 1700-8500 feet in Veracruz; 
4800 feet on Volcan San Martin in Veracruz; 3100-10,500 feet on the 
Sistema Montanoso and 4200-9500 feet on the Sierra Madre del Sur 
in Oaxaca; and 7000 feet on the Mesa Central in Chiapas. Most 
specimens for which field notes are available were collected in cloud 
forests of oak or pine, or pine mixed with oak, frequently inter- 
spersed with abundant mosses, lichens, orchids, and bromeliads. In 
terms of biotic assemblages, C. mexicana resides primarily in the 
Humid Upper Tropical Subzone of Goldman (1951:346-352), with 
some overlap into the Canadian Zone. Published accounts, such as 
that of Hall and Dalquest (1963:206), seem also to indicate local 
abundance of the species in some humid tropical habitats other than 
undisturbed forests. 

Specimens of mexicana judged to be young (unworn teeth, 
juvenal pelage) are available from every month of the year. Like- 
wise, subadults, adults, and old adults are represented in almost 
every month. It would appear, therefore, that mexicana reproduces 
throughout the year, at least when all populations of the species 
from various elevations and latitudes are considered together. The 
portions of the year spent, respectively, in summer and winter pelage 
vary geographically and altitudinally, as do the times of molting. 
Individuals in summer pelage have been collected in May through 
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December; those molting from summer to winter pelage in Septem- 
ber and October; those molting from juvenal to winter pelage in 
December and January; those in winter pelage in September, and 
December through April; those molting from winter to summer 
pelage in June; and those individuals molting from juvenal to sum- 
mer pelage in May, and July through October. 


Geographic variation.—Size in C. mexicana, with few exceptions, 
varies clinally from northwest (smaller) to southeast (larger). Geo- 
graphic variation in total length demonstrates the cline as well as the 
exceptions (refer to Methods and Materials for a listing of localities 
included in each numbered sample). Specimens from the northern 
part of the range on the Sierra Madre Oriental (sample 1) have a 
significantly smaller mean total length than those from other parts of 
the range. Total length does not differ significantly among other 
samples (2, 4, 6, and 7) on the Sierra Madre Oriental and the Sistema 
Montanoso in Hidalgo, Puebla, Veracruz, or Oaxaca except in the 
vicinity of Las Vigas, Veracruz (sample 3), where individuals average 
significantly larger than those from areas farther to the south. The 
mean total length of specimens from the Sierra Madre del Sur in 
Oaxaca (sample 8) is substantially larger than that of shrews from all 
other populations except those inhabiting the Sierra de los Tuxtlas 
in Veracruz (sample 5), which are the largest representatives of C. 
mexicana. 

Length of tail is not so variable with respect to latitude as is total 
length. Specimens from the northern part of the Sierra Madre Ori- 
ental (sample 1) do not differ significantly from those from most 
localities farther to the south, but have a significantly shorter mean 
length of tail than specimens from the geographically contiguous 
population in the vicinity of Huauchinango, Puebla (sample 2). The 
tail averages longest in populations on the Sierra de los Tuxtlas in 
Veracruz (sample 5) and the Sierra Madre del Sur in Oaxaca 
(sample §&). 

Individuals from the northern limit of the range (sample 1) aver- 
age significantly smaller in length of hind foot than those from the 
central region (samples 2 and 3) of the distribution on the Sierra 
Madre Oriental, but do not differ significantly from individuals rep- 
resenting populations (samples 4, 6, and 7) at the southeastern end of 
the distribution of the species. Again, specimens from the Sierra de 
los Tuxtlas (sample 5) and the Sierra Madre del Sur (sample 8) do not 
fit into a clinal pattern of variation, being at or near the upper limit 
of variation in size. 

Condylobasal length, palatal length, and cranial breadth exhibit 
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almost identical patterns of variation. As with other measurements, 
specimens from the Gomez Farias region of Tamaulipas southward 
to northern Puebla (sample 1) are significantly smaller than those 
from adjacent populations in the vicinities of Huauchinango, Puebla 
(sample 2), and Las Vigas, Veracruz (sample 3), but do not differ 
significantly from specimens from populations on the Sistema Mon- 
tanoso in Oaxaca (samples 6 and 7). The skull and palate average 
longest, and the cranium broadest, in populations inhabiting the 
Sierra de los Tuxtlas (sample 5) and the Sierra Madre del Sur 
(sample 8). 

Maxillary breadth and interorbital breadth exhibit similar, al- 
though not identical, patterns of variation. Specimens from southern 
Tamaulipas, northeastern Querétaro, Hidalgo, and northern Puebla 
(sample 1) and from populations on the northern part of the Sistema 
Montanoso in Oaxaca (sample 6) have the narrowest rostra, whereas 
specimens from intervening localities generally increase in size from 
south to north. The rostrum averages significantly broader in speci- 
mens from the Sierra de los Tuxtlas in Veracruz (sample 5) than in 
any other population sampled. Specimens from the Tuxtlas also 
have larger means for length of maxillary toothrow and length of M2 
than specimens from other populations. 

Certain external, cranial, and dental qualitative characteristics 
also vary geographically in C. mexicana, but were not tested sta- 
tistically. In general, dental configuration is a conservative character 
with respect to geography; the only major deviations from the prim- 
itive mexicana pattern occur in populations inhabiting the Sierra 
Madre del Sur in Oaxaca. In that part of the range there is a pro- 
nounced tendency for dental configurations to be intermediate be- 
tween those characteristic of C. mexicana and C. goldmani, as well 
as apparent genetic or developmental instability regarding formation 
or development of the fourth upper pair of unicuspids. Likewise, 
the third upper and lower molars tend to be reduced, the lowers 
frequently having vestigial entoconids, and the upper molariform 
teeth tend to be slightly recessed posteriorly. Variation as to pres- 
ence or absence of one or the other, or both, of the fourth upper 
unicuspids apparently is most pronounced in populations inhabiting 
the coastal range of the Sierra Madre del Sur in southern Oaxaca, 
but occurs to a lesser extent in other parts of the Sierra Madre of 
that state. 

The only other dental characteristic that seemingly varies geo- 
graphically is extent of pigmentation. The teeth of individuals from 
populations in Tamaulipas, Querétaro, Hidalgo, and Puebla are 
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1.728 


Fic. 7. Semi-diagrammatic representation of geographic relationships of sam- 

ples of Cryptotis mexicana. Localities included in numbered samples are listed 

in Methods and Materials. Distance coefficients are illustrated for all potential 

routes of gene flow; the lower the coefficient, the greater the resemblance 
(see text). 


pigmented with a darker color (sometimes almost black rather than 
the usual mahogany ) than are those of individuals from populations 
farther to the south. There are no readily apparent geographic 
trends in color of pelage, though slight local variation is common. 

Front feet and claws demonstrate a pronounced tendency to be 
larger and more highly developed for semi-fossorial habits in popu- 
lations inhabiting the Sierra Madre del Sur in Oaxaca than in popula- 
tions from other parts of the range. Even so, the feet and claws in 
mexicana never approach the extent of development characteristic 
of populations of C. goldmani, with which mexicana is sympatric in 
Oaxaca. 

Distance coefficients for all mensural characters considered to- 
gether are shown in Fig. 7. Only those routes of gene flow that are 
feasible when distribution of suitable habitat is taken into consider- 
ation are illustrated. Sample 1, from northeastern México, is set off 
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Fic. 8. Phenogram of numbered samples (see Fig. 7) of Cryptotis mexicana 

computed from distance matrices on standardized characters and clustered by 

the unweighted pair-group method using arithmetic averages (UPGMA). The 

cophenetic correlation coefficient for the phenogram is 0.794. Subspecific as- 
signment is indicated to the right of the sample numbers. 


from sample 2, from the vicinity of Huauchinango, Puebla, and ad- 
jacent Hidalgo, by a distance coefficient of 1.627, and is considered 
to represent a distinct subspecies (obscura). Sample 5, from the 
Sierra de los Tuxtlas, Veracruz, is separated from other populations 
with which intergradation is geographically feasible by distance co- 
efficients of 1.728, 1.872, 2.652, and 1.903, and is considered to repre- 
sent a second well-differentiated subspecies (nelsoni). Sample 8, 
from the Sierra Madre del Sur in Oaxaca, is set off from samples 6 
and 7, from the Sistema Montanoso in Oaxaca, by distance coeffi- 
cients of 1.795 and 1.166, respectively, and is considered to represent 
a third subspecies (peregrina). Samples 2, 3, 4, 6, and 7, from the 
southern part of the Sierra Madre Oriental and the Sistema Mon- 
tanoso, are separated from one another by small distance coefficients 
relative to those previously mentioned, and are construed to repre- 
sent a single wide-ranging subspecies (mexicana). 

A reasonable argument could be made for splitting the nominate 
subspecies into two or three additional subspecies on the basis of 
disparities in magnitude of distance coefficients. Indeed, a pheno- 
gram (Fig. 8) computed from distance matrices divided the nominate 
subspecies into two geographically meaningless groups separated by 
peregrina. However, recognition of only four subspecies is supported 
by individual analyses of single mensural characters, by multivariate 
analyses, and by geographic variation of qualitative external and 
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dental characters, and is explicable in terms of geographic and topo- 
graphic features. Furthermore, the subspecies of C. mexicana as 
here recognized differ sufficiently in size from one another to permit 
relatively simple assignment of individual specimens to one or an- 
other taxon without reference to locality of capture. 


Cryptotis mexicana mexicana (Coues) 


Blarina (Soriciscus) mexicana Coues, Bull. U.S. Geol. and Geog. Surv. Terri- 
tories, 3:652, 15 May 1877 [not Blaria Mexicana Gray, List of the specimens 
of Mammalia in the collection of the British Museum, p. xxi, 1843, from 
Coban, Guatemala, a nomen nudum|,. 

Cryptotis mexicana, Miller, Proc. Biol. Soc. Washington, 24:221, 31 October 
1911. 

Blarina mexicana, Alston, Biologia Centrali-Americana, Mammalia, p. 57, Febru- 
ary 1880; True, Proc. U.S. Nat. Mus., 7:606, 295 November 1884; Merriam, 
N. Amer. Fauna, 10:24, 31 December 1895. 

Cryptotis mexicana mexicana, Miller, Bull. U.S. Nat. Mus., 79:26, 31 December 
1912; Hall and Kelson, The mammals of North America, 1:60, 31 March 
1959; Hall and Dalquest, Univ. Kansas Publ., Mus. Nat. Hist., 14:205, 20 
May 1963; Genoways and Choate, Proc. Biol. Soc. Washington, 80:204, 1 
December 1967; Goodwin, Bull. Amer. Mus. Nat. Hist., 141:39, 30 April 
1969 (part). 

Cryptotis mexicana peregrina, Goodwin, Bull, Amer. Mus. Nat. Hist., 141:39, 
30 April 1969 (part). 


Holotype.—Young, sex unknown, skin (juvenal pelage) and skull, U/S. 
National Museum no, 3525/4438, obtained by R. Montes de Oca on an unknown 
date (skin catalogued on 18 March 1859, skull in September 1861); type local- 
ity, Jalapa, ca. 5000 ft., Veracruz. 


Distribution.—Sierra Madre Oriental from east-central Hidalgo and northern 
Puebla southward throughout west-central Veracruz and probably adjacent 
Puebla, southeastward in Oaxaca on the Sistema Montanoso, thence across the 
Isthmus of Tehuantepec and onto the Mesa Central in Chiapas (Fig. 6). 


Measurements of holotype——Palatal length 7.8; interorbital breadth 5.0; 
length of maxillary toothrow 6.9; length of M2 1.5. 


Comparisons.—From C. m. obscura, C. m. mexicana differs in having slightly 
less reddish pelage, less darkly pigmented teeth, and significantly larger external 
and cranial dimensions (Table 1). From C. m. nelsoni, C. m. mexicana differs 
in having slightly paler pelage and significant!y smaller external and cranial 
dimensions (Table 1). From C. m. peregrina, C. m. mexicana differs in having 
less highly developed front feet and claws, darker ventral coloration, and sig- 
nificantly smaller external and cranial dimensions (Table 1). 


Remarks.—Morphological features of C. m. mexicana probably 
are not far removed from those of the ancestral population of C. 
mexicana that gave rise to C. goldmani and C. goodwini. Further- 
more, characteristics by which the three other recognized subspecies 


MippLE AMERICAN SHREWS 933 


of C. mexicana can be distinguished from C. m. mexicana are re- 
garded as specializations from the primitive morphotype of the 
species. The geographic range of C. m. mexicana is centrally located 
with respect to the other subspecies, and is contiguous, at least 
potentially, with the ranges of each; to the north is the smaller C. m. 
obscura, and to the east and southwest are the larger C. m. nelsoni 
and C. m. peregrina, respectively. Within the range of C. m. mexi- 
cana, populations in the northwest (in the vicinities of Las Vigas, 
Veracruz, and Huauchinango, Puebla, and adjacent Hidalgo) aver- 
age larger, both externally and cranially, than populations in the 
southeast (on Cerro San Felipe and Cerro Zempoaltepec, Oaxaca— 
see Table 1). As a result, external and cranial measurements of 
southern populations of mexicana are practically indistinguishable 
from those of obscura, whereas measurements of northwestern popu- 
lations of mexicana approach those of nelsoni and peregrina. Popula- 
tions of mexicana and each of the other subspecies are, however, 
clearly distinct. This arrangement of an inverse subcline (represent- 
ing geographic variation among populations of the subspecies C. m. 
mexicana) within the overall step-cline (representing geographic 
variation among subspecies of the species) permits easy allocation of 
specimens to subspecies, at least judging by specimens presently at 
hand. That the observed mensural displacement between adjacent 
subspecies is not indicative, instead, of selective interaction between 
closely related species is shown by the fact that trends in variation 
of cranial and dental characters are not altered from one population 
to the next, and intergradation of those characters is associated at 
least in part with geographic zones of potential or actual intergrada- 
tion of mensural characters. Comments on intergradation of C. m. 
mexicana with other subspecies are given in accounts of those sub- 
species. 

A single specimen (KU 83942) deserves mention because it is the 
only specimen referable to C. mexicana known from east of the 
Isthmus of Tehuantepec. It was caught in second-growth cloud for- 
est at a place three miles east of Pueblo Nuevo Solistahuacan, 7000 
feet, on the Mesa Central of northern Chiapas. The specimen is a 
young with relatively small external measurements and almost coal 
black juvenal pelage, but does not differ noticeably from young 
individuals of C. m. mexicana from Totontepec or elsewhere on the 
Sistema Montafoso in Oaxaca, and thus is referred to that sub- 
species. Another specimen (CAS 14636), which was caught on the 
Isthmus of Tehuantepec near the border of Oaxaca and Chiapas at 
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a place 8 km. NW “Colonia Rudolfo Figuroa,” also is referred to 
C. m. mexicana. 

Goodwin (1969:39-42) assigned specimens from Cerro San Felipe, 
Oaxaca, to both C. m. mexicana and C. m. peregrina, but I have 
assigned all of these specimens to C. m. mexicana. The specimen 
from La Muralla, Oaxaca, that was assigned by Goodwin (op. cit.:39) 
to C. m. mexicana is transferred to C. m. peregrina. It should be 
pointed out further that the scale of magnification for shrews shown 
on plates two and three (Goodwin, op. cit.) is not consistently accu- 
rate; the extent of enlargement of photographs of C. m. mexicana 
and C. m. peregrina is less than for some other taxa, thus accounting, 
for example, for the disparity in cranial size on the plates between 
C. m. peregrina and Notiosorex phillipsii Schaldach. 


Specimens examined.—219, as follows: VERACRUZ: 4 km. W Tlapacoyan, 
1700 ft., 3 (KU); Jalacingo, ca. 6000 ft., 1 (UMMZ); 11 km. W Las Vigas, 
8500 ft., 1 (KU); Las Vigas, 8500 ft., 50 (48 KU, 2 USNM); La Joya, 6600 
ft., 2 (1 UMMZ, 1 UNAM); 2.6 mi. W Banderilla, ca. 5000 ft., 1 (UMMZ); 
Jalapa, 5000 ft., 1 (USNM); Xico, 4800-6500 ft., 30 (2 BMNH, 28 USNM); 
Teocelo, 5000 ft., 3 (MCZ); Huatusco, 5000 ft., 3 (KU); Coscomatepec, 5000 
ft., 3 (KU); Orizaba, 4000-4200 ft., 9 (1 BMNH, 8 USNM). HIDALGO: 
Tenango de Doria, 5200 ft., 2 (UMMZ). PUEBLA: 6 km. N Villa Juarez, 1 
(ENCB); Huauchinango, 5000 ft., 19 (1 UMMZ, 18 USNM); Xocoyolo, 4300 
ft., 2 (UMMZ); 2 mi. NW Zacapoaxtla, 4900 ft., 2 (UMMZ). OAXACA: Teo- 
titlan del Camino, above 3100 ft., 1 (AMNH); Papalo Santos Reyes, 6700- 
10,200 ft., 13 (USNM); Vista Hermosa, ca. 4900 ft., 1 (KU); Llano de las 
Flores, 9200-10,300 ft., 6 (1 KU, 5 UMMZ); 7 mi. N Ixtlan de Juarez, 10,000 
ft., 2 (CAS); Totontepec, ca. 6000 ft., 9 (USNM); Cerro San Felipe, 10,000- 
10,300 ft., 26 (3 AMNH, 1 KU, 22 USNM); near San Pedro Cajonos, 8000 ft., 
2 (USNM); Cerro Zempoaltepec, 8000-10,500 ft., 24 (USNM); 8 km. NW 
“Colonia Rudolfo Figuroa” (not exactly located ), 5500 ft., 1 (CAS). CHIAPAS: 
3 mi. E Pueblo Nuevo Solistahuacan, 7000 ft., 1 (KU). 


Cryptotis mexicana nelsoni (Merriam) 


Blarina nelsoni Merriam, N. Amer. Fauna, 10:26, 31 December 1895. 

Cryptotis nelsoni, Miller, Bull. U.S. Nat. Mus., 79:27, 31 December 1912; Hall 
and Kelson, The mammals of North America, 1:61, 31 March 1959; Hall 
and Dalquest, Univ. Kansas Publ., Mus. Nat. Hist., 14:206, 20 May 1963. 


Holotype —Subadult female, skin (adult summer pelage) and skull, U.S. 
National Museum no. 65437, obtained on 13 May 1894 by E. W. Nelson and 
E. A. Goldman, original number 6253; type locality, Volcan San Martin, 4800 
ft., Veracruz. 


Distribution —Known only from the type locality (Fig. 6); probably occurs 
in suitable habitats throughout the Sierra de los Tuxtlas. 


Measurements of holotype.—Total length 110; length of tail 31; length of 
hind foot 14; condylobasal length 19.8; palatal length 8.4; maxillary breadth 6.8; 
interorbital breadth 5.3; length of maxillary toothrow 7.4; cranial breadth 10.7; 
length of M2 1.6. 


Comparisons.—From C. m. obscura and C. m. mexicana, C. m. nelsoni 
differs in having slightly darker pelage and significantly larger external and 
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cranial dimensions (Table 1). From C. m. peregrina, C. m. nelsoni differs in 
having less highly developed front feet and claws, and darker ventral coloration. 


Remarks.—To my knowledge, no specimens of C. m. nelsoni 
have been obtained since the series collected by Nelson and Gold- 
man in 1894. The subspecies apparently is isolated on the Sierra de 
los Tuxtlas in Veracruz, and presently may be prevented from inter- 
gradation with C. m. mexicana by as much as 75 miles of tropical 
scrub forests and savannas not suited ecologically for habitation by 
the species. Goldman (1951:282-283) described the area at the site 
of capture of the holotype and paratypes of nelsoni as being covered 
with “heavy layers of volcanic sand and ashes” that quickly absorbed 
all surface moisture. The vegetation was said to consist of “virgin 
forest, including many fine trees. Among these were Spanish cedars, 
wild figs, and others of large size.” 


A reasonable argument could be made for recognition of nelsoni 
as a distinct species because the holotype and paratypes are signif- 
icantly distinct from specimens from nearby populations of mexi- 
cana, and there is no indication of intergradation. Even so, nelsoni 
is no more distinct morphologically from mexicana than the other 
subspecies of C. mexicana recognized herein. It is noteworthy in 
this respect that, although specimens of nelsoni presently in collec- 
tions are about the same size as specimens of C. m. peregrina, ex- 
ternal and cranial features of nelsoni are less divergent from the 
primitive mexicana morphotype than are those of peregrina, even 
though the latter may intergrade with mexicana at the present time. 
Nevertheless, nelsoni probably can be regarded as an “incipient 
species” that is diverging from C. mexicana but is not yet sufficiently 
distinct morphologically to warrant specific recognition. 


Specimens examined.—11, all from VERACRUZ, as follows: Volcan San 
Martin, 4800 ft., 11 (2 BMNH, 1 MCZ, 8 USNM). 


Cryptotis mexicana obscura (Merriam) 


Blarina obscura Merriam, N, Amer. Fauna, 10:23, 31 December 1895. 
Cryptotis obscura, Miller, Bull. U.S. Nat. Mus., 79:26, 31 December 1912; Hall 
and Kelson, The mammals of North America, 1:61, 31 March 1959; Hall 
and Dalquest, Univ. Kansas Publ., Mus. Nat. Hist., 14:206, 20 May 1963. 
Cryptotis mexicana, Findley, Univ. Kansas Publ., Mus. Nat. Hist., 5:637, 1 
December 1953; Koopman and Martin, Jour. Mamm., 40:4, February 1959. 
Cryptotis mexicana madrea Goodwin, Amer. Mus. Novit., 1670:1, 28 June 1954, 
holotype from Rancho del Cielo, 5 mi. NW Gomez Farias, 3500 ft., Tamauli- 
pas; Hall and Kelson, The mammals of North America, 1:60, 31 March 
1959; Alvarez, Univ. Kansas Publ., Mus. Nat. Hist., 14:396, 20 May 1963. 


Holotype.—Subadult female, skin (adult summer pelage) and skull, U.S. 
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National Museum no. 55634, obtained on 27 August 1893 by E. W. Nelson, 
original number 5377; type locality, Tulancingo, 8500 ft., Hidalgo. 


Distribution.—Sierra Madre Oriental from southwestern Tamaulipas to 
northeastern Quer¢étaro and northern Hidalgo; interdigitates with C. m. mexicana 
where the borders of Hidalgo, Puebla, and Veracruz come into close proximity 
at about 20°00’-20°30’ north latitude, 98°00’-98°30’ west longitude (Fig. 6 
and below ). 

Measurements of holotype——Total length 89; length of tail 24; length of 
hind foot 13; condylobasal length 17.5; palatal length 7.4; maxillary breadth 5.5; 
interorbital breadth 4.5; length of maxillary toothrow 6.4; cranial breadth 8.8; 
length of M2 1.3. 


Comparisons.—From C. m. mexicana, C. m. obscura differs in having slightly 
more reddish pelage, more darkly pigmented teeth, and significantly smaller 
external and cranial dimensions (Table 1). From C. m. nelsoni and C. m. 
peregrina, C. m. obscura differs in being smaller in every respect (Table 1). 


Remarks.—Specimens assigned to C. m. obscura exhibit few 
external or cranial features (one exception being darkly pigmented 
teeth) that can be considered specializations over the primitive 
morphotype of C. m. mexicana. Mensural differences between 
obscura and mexicana, however, are pronounced, thus the two sub- 
species are well-differentiated and easily distinguished (see account 
of C. m. mexicana). Two specimens (UMMZ 89757-58) from Honey, 
Puebla, indicate intergradation with mexicana in mensural charac- 
ters, but clearly are referable to obscura on the basis of pelage color- 
ation and dental pigmentation. The village of Honey is located at 
about 7000 feet on the east-facing slope of the Sierra Madre Oriental 
near the boundary of cloud forest with upper humid tropical (pine- 
oak) forest that generally occurs higher on those slopes and on 
west-facing slopes. All other localities from which specimens re- 
ferred to obscura have been obtained in the geographic region where 
the ranges of obscura and mexicana interdigitate are on relatively 
high west-facing slopes; all specimens referred to mexicana, on the 
other hand, are from cioud forests on east-facing slopes. It seems 
likely that additional collecting will reveal a narrow zone of inter- 
gradation where the vegetative zones meet, and that interdigitation 
of the ranges of the two subspecies will be shown to be considerably 
more complex than indicated by specimens presently available in 
museum collections. 

Farther to the north, in the Gomez Farias region of Tamaulipas, 
the spatial relationship of cloud forest to upper humid tropical forest 
is maintained (Martin, 1958). The few specimens available for study 
from that region are larger, although not significantly so, than speci- 
mens of obscura from Hidalgo and Puebla, and it is noteworthy in 
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this respect that specimens from near Gomez Farias were collected 
in cloud forest rather than upper humid tropical forest. Although 
separated by a distance of more than 100 miles from the nearest jo- 
cality to the south from which specimens identified as obscura have 
been examined, I consider the morphological differences between 
those populations insufficient to warrant formal recognition of the 
northern population, which was given the name C ryptotis mexicana 
madrea by Goodwin (1954a:1). 

External and cranial dimensions exhibit clinal geographic vari- 
ation among populations of obscura, becoming larger the farther 
from the zone of intergradation with C. m. mexicana. Thus, as with 
C. m. mexicana, an inverse subcline (representing geographic vari- 
ation among populations of C. m. obscura) exists within the overall 
step-cline (representing geographic variation among subspecies of C. 
mexicana); specimens of obscura from the northern end of the range 
of the subspecies (near Gomez Farias, Tamaulipas) approach typical 
mexicana in mensural characteristics, whereas the two subspecies 
differ conspicuously in size near the zone of intergradation. 

Cryptotis mexicana is known from subfossils from the Gomez 
Farias region of Tamaulipas (Koopman and Martin, 1959:4), and 
from late Pleistocene fossils from San Josecito Cave, near Aramberri, 
Nuevo Leon (Findley, 1953:637). Both records tentatively are re- 
ferred to the subspecies obscura on geographic grounds. 

Specimens examined.—48, as follows: TAMAULIPAS: Rancho del Cielo, 5 
mi. NW Gomez Farias, 3500 ft., 5 (2 AMNH, *1 AMNH, 2 UMMZ); Asser- 
radero del Infernillo, cave 11 mi. W G6émezx Farias, 4400 ft., *10 (AMNH). 
VERACRUZ: Zacualpan, 6000 ft., 1 (KU). QUERETARO: Pinal de Amoles, 
5500-9500 ft., 10 (2 UMMZ, 8 USNM). HIDALGO: Encarnacién, 8200-9500 
ft., 8 (USNM); Molango, ca. 5400 ft., 1 (UMMZ); Zacultipan, 3700-4500 ft., 


8 (UMMZ); Lago Tejocotal, 11 km. E Acaxochitlin, ca. 7400 ft., 1 (KU): 
Tulancingo, 8500 ft., 2 (USNM). PUEBLA: Honey, ca. 7000 ft., 2 (UMMZ). 


Cryptotis mexicana peregrina (Merriam) 


Blarina mexicana peregrina Merriam, N. Amer. Fauna, 10:24, 31 December 
1895. 

C[ryptotis]. mexicana peregrina, Miller, Proc. Biol. Soc. Washington, 24:222, 
31 October 1911. 

Cryptotis mexicana peregrina, Hall and Kelson, The mammals of North Amer- 
ica, 1:60, 31 March 1959; Goodwin, Bull. Amer. Mus. Nat. Hist., 141:40, 
30 April 1969 (part); Choate, Proc. Biol. Soc. Washington, 82:in press. 

Cryptotis mexicana machetes, Musser, Occas. Papers Mus. Zool., Univ. Mich- 
igan, 636:6, 17 June 1964; Goodwin, Bull. Amer. Mus. Nat. Hist., 141:40, 
30 April 1969 (part). 

Notiosorex (Xenosorex) phillipsii Schaldach, Saugetierk. Mitt., 14:289, October 
1966, holotype from Rio Molino, 3 km. SW San Miguel Suchixtepec, 2250 
m., Oaxaca; Goodwin, Bull. Amer. Mus. Nat. Hist., 141:43, 30 April 1969 
(part). 
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Holotype.—Subadult male, skin (adult summer pelage) and skull, U.S 
National Museum no. 68317, obtained on 12 September 1894 by E. W. Nelson 
and E. A. Goldman, original number 6748; type locality, mountains 15 mi. 
SW Oaxaca de Juarez, 9500 ft., Oaxaca. 

Distribution.—Sierra Madre del Sur in Oaxaca ( Fig. 6). 

Measurements of holotype.—Total length 106; length of tail 31; length of 


hind foot 15; condylobasal length 20.1; palatal length 8.8; maxillary breadth 6.5; 
interorbital breadth 5.1; length of maxillary toothrow 7.3; length of M2 1.5. 


Comparisons.—From C. m. obscura and C. m. mexicana, C. m. peregrina 
differs in having significantly larger external and cranial dimensions (Table 1). 
From C. m. nelsoni, C. m. peregrina differs in having more highly developed 
front feet and claws, and paler ventral coloration. From C. goldmani goldmani, 
C. m. peregrina differs most noticeably in having much less highly developed 
front feet and claws, and darker (less olive or reddish) pelage. 


Remarks.—The name peregrina is here applied to populations of 
C. mexicana that have become established on the Sierra Madre del 
Sur in Oaxaca, and have undergone morphological adaptations paral- 
leling those of C. goldmani with which peregrina is sympatric. 
Specimens of peregrina can be distinguished readily from specimens 
of goldmani whenever the two species occur together in the same 
general area, but identification is more difficult where only one of 
the two species occurs. As discussed elsewhere, however, 
examination of front feet and claws or of a combination of external, 
cranial, and dental characters permits identification of every speci- 
men. An interpretation of the zoogeographical significance of the 
relationship of C. mexicana peregrina to C. goldmani goldmani is 
presented in another section of this paper. 

No specimens presently available show clear indications of in- 
tergradation between C. m. peregrina and C. m. mexicana, although 
a few specimens in the series of mexicana from Cerro San Felipe, 
Oaxaca, are as large as typical specimens of peregrina. The absence 
of obvious intergradation probably is due to insufficient sampling, 
inasmuch as the area in which intergradation might occur has been 
poorly collected. The hypothetical ranges of the two subspecies lie 
on either side of the Valley of Oaxaca; peregrina is known from 15 
miles to the southwest of the valley at the type locality and mexicana 
is known from about nine miles to the north at Cerro San Felipe. 
Intergradation across the Valley of Oaxaca at the present time is 
unlikely, but intergradation may occur, and probably did in the past, 
across highlands to the north. The potential zone of intergradation 
is narrow, bordered to the north by lowlands associated with the Rio 
Las Vueltas, Rio Tomellin, and Rio Grande. Thus, gene flow prob- 
ably is highly restricted geographically if, indeed, any presently 
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occurs at all. Like C. m. nelsoni, C. m. peregrina might be con- 
sidered an “incipient species”; however, it exhibits cranial and 
dental trends evident in other populations of mexicana, and there- 
fore is regarded as a well-differentiated subspecies in the absence of 
evidence to the contrary. 

Specimens of peregrina from the “coastal range” (south of the Rio 
Atoyac and the Rio Totolapam) in southern Oaxaca exhibit a pro- 
nounced tendency toward reduction of the dental formula. In every 
specimen the upper fourth unicuspids are greatly reduced and peg- 
like, and in many specimens one or the other, or both, of those teeth 
is missing altogether. Schaldach (1966:289) mistakenly assumed that 
specimens lacking both fourth upper unicuspids pertained to the 
genus Notiosorex, in which three unicuspids is the usual comple- 
ment. Therefore, he described and named Notiosorex phillipsii, 
placing it in a separate subgenus (Xenosorex) characterized by its 
resemblance to Cryptotis in characters other than the dental for- 
mula. As demonstrated by Choate (1969), however, absence of the 
diminutive last upper unicuspids cannot be relied upon as an abso- 
lute generic character in blarinine shrews, as both Cryptotis and 
Blarina seemingly are undergoing reduction of the dental formula 
in certain populations at the present time (see also Choate, 1968). 
The three specimens (one lacking skull) on which Schaldach 
(loc. cit.) based the description of Notiosorex (Xenosorex) phillipsii 
are here referred to Cryptotis mexicana peregrina, although the 
specimen (UNAM 8447) lacking a skull conceivably may represent 
C. goldmani goldmani, as does the specimen reported (Schaldach, 
op. cit.:288) as Cryptotis mexicana machetes from the same locality. 

Specimens examined.—47, as follows: OAXACA: La Muralla, Cerro Yucu- 
mino, 8 mi. S Tlaxiaco, ca. 10,500 ft., 1 (AMNH); 15 mi. SW Oaxaca de 
Juarez, 9500 ft., 24 (1 BMNH, 23 USNM); 20 mi. S, 5 mi. E Sola de Vega, 
4800 ft., 1 (KU); Finca Sinai, 10 km. E Santos Reyes Nopala, 7200 ft., 2 
(CAS ); San Miguel Suchixtepec, 7300 ft., 10 (9 AMNH, 1 UMMZ); Rio Molino, 
3 km. SW San Miguel Suchixtepec, ca. 6800 ft., 2 (UNAM); Rio Guajalote, S$ 
of San Miguel Suchixtepec, ca. 6000 ft., 1 (KU); 16 km. SW San Miguel 


Suchixtepec, ca. 6000 ft., 2 (ENCB); Rio Jalatengo, S of San Miguel Suchixte- 
pec, 4275 ft, 3 (CAS); Lovene, ca. 6000 ft., 1 (AMNH). 


Cryptotis goldmani 
(Synonymy under subspecies ) 


Distribution —Cordillera Volcdnica from at least as far east as Volcan 
Popocatépetl, Estado de México, westward to the Sierra de Autlin, Jalisco, 
thence southeastward in Guerrero and Oaxaca on the Sierra Madre del Sur and 
the Sistema Montanoso, thence eastward onto the Mesa Central in Chiapas, and 
finally southeastward onto the highlands of west-central Guatemala (Fig. 9). 


Diagnosis.—External characteristics: size medium for the genus (Table 1); 
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500 miles 


Fic. 9. Geographic distribution of Cryptotis goldmani alticola (solid circles) 
and C. goldmani goldmani (open circles ). 


tail relatively short, averaging 34-40 per cent of length of head and body; front 
feet exceptionally large, with characteristically long, broad, and we!l-reinforced 
claws; all pelages distinctive; winter pelage luxuriant, with numerous vermicula- 
tions and a distinctive olive sheen, dorsum varying from Olive-Brown to Bister 
and venter considerably paler owing to pale buffy or whitish tips on the hairs; 
summer pelage with dorsum varying from Clove Brown to Mummy Brown 
(slight olivaceous sheen), and venter buffy, more grayish than in winter pelage 
because of added visual effect of gray bases of relatively short hairs; juvenal 
pelage “salt-and-pepper” gray dorsally in recently taken specimens (1967), 
nearer Clove Brown in older specimens (1894), consisting primarily of gray 
hairs tipped with Fuscous. 

Cranial characteristics: rostrum relatively long; braincase angular; anterior 
limit of zygomatic plate above metastyle or between mesostyle and metastyle of 
M1; posterior limit of zygomatic plate at level of, or posterior to, maxillary 
process, above M3 or metastyle of M2; dentition not bulbous; anterior element 
of ectoloph of M1 slightly reduced relative to posterior element; posterior sur- 
faces of P4-M2 decidedly recessed throughout most of geographic range (less so 
in Oaxaca); protoconal basin of M1 reduced relative to hypoconal basin; M3 
usually consisting only of paracrista and precentrocrista (precentrocrista fre- 
quently vestigial in C. g. alticola), although postcentrocrista and rudimentary 
metacone sometimes present; talonid of m3 consisting only of hypoconid in C. g. 
alticola, but vestigial entoconid frequently present in C. g. goldmani. 


Comparisons.—Comparisons with C. goodwini, C. magna, and C. endersi 
are given in the accounts of those species. 
From C, mexicana, C. goldmani differs as follows: front feet and claws 
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substantially larger, usually flesh-colored as opposed to blackish; dorsal pelage 
olivaceous or reddish brown rather than blackish brown; ventral pelage paler, 
buffy or almost white in some specimens, as opposed to grayish brown or almost 
black; external and cranial dimensions generally averaging larger (Table 1); 
interorbital region usually narrowest posterior to proximal end of palate (level 
with proximal end of palate in mexicana); anterior element of ectoloph of M1 
usually reduced relative to posterior element; posterior surfaces of P4-M2 usu- 
ally more recessed; protoconal basin of M1 usually reduced relative to hypoconal 
basin; cingulae of molariform teeth scarcely elevated above gingivum (well 
elevated in mexicana); M3 more highly reduced, vestigial metacrista and hypo- 
cone almost never present; talonid of m3 almost never bearing fully-developed 
entoconid. 

From C. parva, C. goldmani differs as follows: size uniformly and markedly 
larger (Table 1); front feet and claws substantially larger; braincase much 
more angular; talonid of m3 often having vestigial entoconid present in addition 
to well-developed hypoconid (entoconid never present in parva ). 

From C. gracilis, C. goldmani differs as follows: tail relatively and actually 
shorter, averaging 34-40 as opposed to 52 per cent of length of head and body; 
front feet and claws markedly larger; braincase more angular; posterior surfaces 
of P4-M2 usually considerably recessed, as opposed to slightly or not at all 
recessed; metacone on M3 much less highly developed. 


Remarks.—The large relative size of the front feet and claws in 
C. goldmani is the most consistently diagnostic character by which 
the species can be distinguished from C. mexicana, and is especially 
useful in Oaxaca where the two species are sympatric and many 
otherwise diagnostic features converge, apparently as a result of 
parallel adaptations to shared environmental conditions. Cryptotis 
goodwini also has enlarged front feet and claws, but differs from 
goldmani in external size (total lengths in potentially sympatric 
populations 103-128 in goodwini, 101-111 in goldmani) and color- 
ation (goodwini being the darker). Despite the array of names in 
synonymy, goldmani is not an extraordinarily variable species. Only 
two subspecies are recognized; all other proposed names have been 
applied to seasonal or age variants, and are here relegated to syn- 
onymy under one or the other of the two valid races. 

Cryptotis goldmani is less generalized morphologically than C. 
mexicana, but is not so specialized dentally as C. goodwini. Within 
the known range of the species, morphological specialization is least 
pronounced in Oaxaca in the region of geographic sympatry with 
mexicana, and has reached progressively higher levels farther from 
that area. 

The distribution of goldmani is restricted primarily to humid 
montane forests in western and southern México and western Guate- 
mala. Elevations at which representatives of the species have been 
obtained vary as follows: 8200-10,500 feet on the Cordillera Vol- 
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canica in the Distrito Federal; 8800-13,500 feet in Estado de 
Mexico; 9000-12,000 feet in Michoacan; 8000-10,000 feet in Jalisco; 
7500-10,300 feet on the Sierra Madre del Sur in Guerrero; 7000- 
10,500 feet on the Sierra Madre del Sur and Sistema Montanoso in 
Oaxaca; 500 feet on the Tehuantepec Plain of Oaxaca; 9500 feet on 
the Mesa Central of Chiapas; and 10,000 feet on the highlands of 
western Guatemala. The majority of specimens have been obtained 
in forests of fir (including Douglas-fir), pine, oak, and alder, fre- 
quently interspersed with large clumps of sacaton grass. In terms of 
biotic assemblages, goldmani resides primarily in the Canadian Zone 
of Goldman (1951:397-401), with some overlap into the Humid Upper 
Tropical Subzone. On the Tehuantepec Plain, however, the species 
occurs in xerophytic forest at elevations as low as 500 feet. 

Available data on time of reproduction by goldmani are not so 
conclusive as for mexicana, but suggest that reproduction may occur 
throughout at least one-half of the year when all populations are 
considered together. Young individuals in juvenal pelage have been 
taken in June, July, September, and December; subadults have been 
collected in all months except January and August. As with mexi- 
cana, the portions of the year spent, respectively, in summer and 
winter pelage seemingly vary latitudinally and altitudinally, as do 
the times of molting. Individuals in summer pelage have been col- 
lected in the months of June through September; those molting from 
juvenal to summer pelage in June; those in winter pelage in October 
through May; and those molting from juvenal to winter pelage in 
September through December. One specimen that was molting from 
winter to summer pelage in March possibly represents an aberrant 


old adult. 


Geographic variation—On the basis of specimens presently 
available, Cryptotis goldmani does not exhibit substantial geographic 
variation. The population (sample 3) that inhabits the Sierra Madre 
del Sur in Guerrero has the smallest means for total length, length 
of hind foot, and length of maxillary toothrow. Populations to the 
north (sample 1) and northwest (sample 2) of Guerrero on the Cordil- 
lera Volcanica have means toward the upper limit of variation in 
most measurements, especially length of maxillary toothrow and 
length of M2, in which specimens from those populations are signifi- 
cantly larger than those from all other populations sampled. Speci- 
mens from populations (samples 4, 5, and 6) to the east and southeast 
of Guerrero usually are larger, although seldom significantly so, than 
specimens from the latter state. 

The only notable trend in geographic variation in C. goldmani, 
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Fic. 10. Semi-diagrammatic representation of geographic relationships of sam- 

ples of Cryptotis goldmani. Localities included in numbered samples are listed 

in Methods and Materials. Distance coefficients are illustrated for all potential 

routes of gene flow; the lower the coefficient, the greater the resemblance 
(see text). 


therefore, involves slightly smaller average size in the population in 
Guerrero than in populations on either side of Guerrero. The differ- 
ences between the means of most measurements are greater between 
the population at the western end of the Cordillera Volcanica, in 
the vicinity of Nevado de Colima, Jalisco (sample 2), and that in 
Guerrero (sample 3) than between the latter and the adjacent popu- 
lation (sample 4) in Oaxaca. As a result, the distance coefficient (Fig. 
10) calculated from all mensural characters is greater between sam- 
ples 2 and 3 (1.265) than that between samples 3 and 4 (.711). The 
high distance coefficient between samples 2 and 3 corresponds geo- 
graphically to the Balsas Basin, and probably can be interpreted 
to imply actual lack of gene flow across habitat not presently suited 
for habitation by the species. Likewise, a relatively high distance 
coefficient (.981) exists between samples 4 and 5, corresponding geo- 
graphically to populations on either side of the Isthmus of Tehuan- 
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Fic. 11. Phenogram of numbered samples (see Fig. 10) of Cryptotis goldmani 

computed from distance matrices on standardized characters and clustered by 

the unweighted pair-group method using arithmetic averages (UPGMA). The 

cophenetic correlation coefficient for the phenogram is 0.850. Subspecific assign- 
ment is indicated to the right of the sample number. 


tepec; this would seem to indicate at least retarded gene flow 
(perhaps only recently so) across the isthmus that has resulted in 
slight divergence, but which is not considered to warrant subspecific 
recognition. Presentation of the results of phenetic analysis in the 
form of a phenogram (Fig. 11) computed from distance matrices 
further demonstrates the apparent break in gene flow across the 
Balsas Basin (between samples 2 and 3) and the lesser break across 
the Isthmus of Tehuantepec (between samples 4 and 5). 

Geographic variation of qualitative characters provides addi- 
tional justification for recognition of only two subspecies of C. gold- 
mani—one (alticola) on the Cordillera Volcanica in the Distrito 
Federal, the Estado de México, Michoacan, and Jalisco (samples 1 
and 2), and the other (goldmani) on the Sierra Madre del Sur in 
Guerrero and Oaxaca, the Sistema Montanoso in Oaxaca, and across 
the Isthmus of Tehuantepec onto the Mesa Central of Chiapas and 
the highlands of western Guatemala (samples 3, 4, 5, and 6). Speci- 
mens from populations on the Cordillera Volcanica have undergone 
complete reduction of the entoconid of m3, generally have a reduced 
metacone on M3, and have deeply emarginate posterior surfaces on 
the upper molariform teeth; specimens of the nominate subspecies, 
on the other hand, retain more nearly primitive dental configura- 
tions, and demonstrate no obvious breaks in clinal geographic vari- 
ation of cranial or dental features across the Isthmus of Tehuantepec. 


Ol 
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Cryptotis goldmani alticola (Merriam) 

Blarina alticola Merriam, N. Amer. Fauna, 10:27, 31 December 1895. 

Cryptotis alticola, Miller, Bull. U.S. Nat. Mus., 79:27, 31 December 1912; 
Davis, Jour. Mamm., 25:376, 12 December 1944; Hooper, Occas. Papers 
Mus. Zool., Univ. Michigan, 586:3, 30 April 1957; Hall and Kelson, The 
mammals of North America, 1:60, 31 March 1959; Genoways and Choate, 
Proc. Biol. Soc. Washington, 80:204, 1 December 1967. 

Cryptotis euryrhynchis Genoways and Choate, Proc. Biol. Soc. Washington, 
80:203, 1 December 1967, holotype from Volcan de Fuego [also called 
Volcan de Colima], 9800 ft., Jalisco. 


Holotype—Subadult male, skin (adult winter pelage) and skull, U.S. 
National Museum no. 52047, obtained on 25 February 1893 by E. W. Nelson, 
original number 4396; type locality, Volcan Popocatépetl, 11,500 ft., Estado de 
México. 

Distribution Cordillera Volcanica from Volcan Popocatépetl, Estado de 
México, in the east to the Sierra de Autlan, Jalisco, in the west (Fig. 9); prob- 
ably also occurs in Nayarit and Colima, and on the Sierra de Coalcoman in 
Michoacan. 


Measurements of holotype—Total length 107; length of tail 26; length of 
hind foot 15; condylobasal length 20.5; palatal length 9.0; maxillary breadth 
6.8; interorbital breadth 5.2; length of maxillary toothrow 7.3; cranial breadth 
10.3; length of M2 1.6. 


Comparisons.—From C. g. goldmani, C. g. alticola differs in having signif- 
icantly larger external and cranial dimensions (Table 1) and more highly re- 
duced and specialized dentition. 


Remarks.—Cryptotis goldmani alticola is the more highly special- 
ized of the two subspecies of C. goldmani recognized. The most 
notable dental specialization is elimination of the entoconid on the 
talonid of m3. Entoconids are prevalent on that tooth in more than 
50 per cent of specimens of goldmani examined from Oaxaca; occa- 
sionally they are fully-developed, but more frequently they are 
reduced. Vestigial entoconids occur in about 50 per cent of speci- 
mens of goldmani from Guerrero, although only a few are fully 
developed. I have seen no specimen of alticola, however, having 
even a vestigial entoconid. Paralleling reduction of the talonid of m3, 
there is progressively greater posterior emargination of the upper 
molariform teeth in alticola, and there are other cranial and dental 
specializations. 

Genoways and Choate (1967:203) described and named as Cryp- 
totis euryrhynchis the population of C. goldmani that inhabits 
Volcan de Fuego and Nevado de Colima, Jalisco. Criteria for dis- 
tinguishing euryrhynchis from alticola were large size and dark 
color. With larger samples available for comparison of the two 
populations, it now is apparent that the slight difference in size be- 
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tween the two is not statistically significant (Table 1). Furthermore, 
specimens now available from geographically intermediate areas in 
Michoacan (near Ciudad Hidalgo and on Cerro Tancitaro) are al- 
most intermediate in size between specimens from the eastern and 
western ends of the Cordillera Volcanica. Study of color of speci- 
mens collected subsequent to the description of euryrhynchis has 
demonstrated that the differences used to distinguish that population 
from alticola are due in part to foxing of the holotype and paratypes 
of alticola (when compared to the fresh pelage of the holotype of 
euryrhynchis). 

Intergradation between alticola and the nominate subspecies is 
doubtful at present. The geographic ranges of the two subspecies 
are separated at the borders of Michoacan and Guerrero, where the 
Rio Balsas demarcates the Sierra Madre del Sur from the Sierra de 
Coalcoman; the Balsas Basin is arid and the dominant vegetation is 
low, xerophilous, deciduous thorn scrub forest (see also Duellman, 
1965:643). The break in gene flow between populations to the north- 
west and southeast of the Balsas Basin, although undoubtedly com- 
plete, apparently has not been in effect for a long enough time to 
permit sufficient morphological divergence to warrant recognition of 
alticola as a distinct species. As is the case for several other taxa 
recognized herein as subspecies, the term “incipient species” is ap- 
propriate in that continued isolation probably will effect speciation. 
No proof is available that individuals of alticola could interbreed 
with individuals of goldmani under natural conditions, but, in the 
absence of data from biosystematic analyses, “degree of difference” 
(Hall, 1943:142; Mayr et al., 1953:103-104) was used as the criterion 
for classifying alticola as a subspecies of C. goldmani rather than as 
a distinct species of the mexicana-group. As in other mammalian 
groups that presently have “insular distributions” and are scattered 
through the Mexican highlands, C. goldmani is particularly in need 
of study by serological and cytological methods in order to assess 
better the evolutionary significance of breaks in gene flow between 
populations that occur in identical habitats at about the same lati- 
tude and elevation, and which therefore may not face substantial 
selective pressure to undergo morphological divergence. 

Specimens examined.—33, as follows: JALISCO: 20 mi. SE Autlan, 9000 
ft., 3 (KU); 12 mi. SW Ciudad Guzman, 10,000 ft., 3 (KU); Volcan de Fuego, 
9800 ft., 1 (KU); N slope Nevado de Colima, SO00-10,000 ft., 4 (2 ALG, 2 
WGB). MICHOACAN: 12 mi. W Ciudad Hidalgo, 9150 ft., 1 (KU); Cerro de 
Tancitaro, 9000-12,000 ft., 3 (USNM). ESTADO DE MEXICO: Salazar, 
8800-10,500 ft., 3 (USNM); Cerro Ajusco, 11,000 ft., 1 (USNM); Lagunas de 
Zempoala, 10 mi. NNW Cuernavaca, Morelos, 9100 ft., 3 (USNM); 12 km. 


ESE Amecameca, 11,500 ft., 1 (KU); N slope Nevado de Toluca, 11,500 ft., 1 
(USNM); Volcan Popocatépetl, 11,500-13,500 ft., 5 (1 BMNH, 4 USNM). 
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DISTRITO FEDERAL: N edge Refugio San Cayetano, 3 mi. S Bosenchere, 
8200 ft., 1 (UMMZ); Cerro de Santa Rosa, 10,000-10,500 ft., 2 (1 UMMZ, 1 
UNAM); Carton Contreras, 10,200 ft., 1 (UMMZ). 


Cryptotis goldmani goldmani (Merriam) 


Blarina mexicana goldmani Merriam, N. Amer. Fauna, 10:25, 31 December 
1895. 

Blarina mexicana machetes Merriam, N. Amer. Fauna, 10:26, 31 December 
1895, holotype from mountains near Santa Maria Ozolotepec, 10,000 ft., 
Oaxaca. 

Blarina fossor Merriam, N. Amer. Fauna. 10:28, 31 December 1895, holotype 
from Cerro Zempoaltepec, 10,500 ft., Oaxaca. 

Cryptotis frontalis Miller, Proc. Biol. Soc. Washington, 24:222, 31 October 1911, 
holotype from “near Tehuantepec City,” Oaxaca; Hall and Kelson, The 
mammals of North America, 1:60, 31 March 1959; Goodwin, Bull. Amer. 
Mus. Nat. Hist., 141:41, 30 April 1969. 

Cryptotis mexicana goldmani, Miller, Bull. U.S. Nat. Mus., 79:27, 31 December 
1912; Davis and Lukens, Jour. Mamm., 39:350, 20 August 1958; Hall and 
Kelson, The mammals of North America, 1:59, 31 March 1959; Genoways 
and Choate, Proc. Biol. Soc. Washington, 80:204, 1 December 1967. 

Cryptotis mexicana machetes, Miller, Bull. U.S. Nat. Mus., 79:27, 31 December 
1912; Hall and Kelson, The mammals of North America, 1:60, 31 March 
1959; Schaldach, Siugetierk. Mitt., 14:288, October 1966; Goodwin, Bull. 
Amer. Mus. Nat. Hist., 141:40, 30 April 1969 (part). 

Cryptotis fossor, Miller, Bull. U.S. Nat. Mus., 79:27, 31 December 1912; Hall 
and Kelson, The mammals of North America, 1:60, 31 March 1959; Good- 
win, Bull. Amer. Mus. Nat. Hist., 141:41, 30 April 1969. 

Cryptotis guerrerensis Jackson, Proc. Biol. Soc. Washington, 46:80, 27 April 
1933, holotype from Omilteme, about 8000 ft., Guerrero; Hall and Kelson, 
The mammals of North America, 1:60, 31 March 1959. 

Cryptotis griseoventris Jackson, Proc. Biol. Soc. Washington, 46:80, 27 April 
1933, holotype from San Cristébal de las Casas, 9500 ft., Chiapas; Hall and 
Kelson, The mammals of North America, 1:60, 31 March 1959. 

Notiosorex (Xenosorex) phillipsii, Goodwin, Bull. Amer. Mus. Nat. Hist., 141:43, 
30 April 1969 (part). 

Cryptotis mexicana mexicana, Jones and Genoways, Jour. Mamm., 48:321, 20 
May 1967; Goodwin, Bull. Amer. Mus. Nat. Hist., 141:39, 30 April 1969 
(part). 


Holotype——Subadult male, skin (adult winter pelage) and skull, U.S. 
National Museum no, 70244, obtained on 23 December 1894 by E. W. Nelson 
and E. A. Goldman, original number 7231; type locality, mountains near 
Chilpancingo, 9600 ft., Guerrero. 


Distribution Sierra Madre del Sur in Guerrero and southwestern Oaxaca 
and the Sistema Montanoso in northeastern Oaxaca, thence across the Isthmus of 
Tehauntepec to the Mesa Central of Chiapas and southeastward onto the high- 
lands of Guatemala at least as far as Todos Santos (Fig. 9). 


Measurements of holotype.—Total length 100; length of tail 28; length of 
hind foot 13; condylobasal length 19.5; palatal length 8.5; interorbital breadth 
4.9; length of maxillary toothrow 7.0; cranial breadth 10.0; length of M2 1.5. 
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Comparisons.—From C. g. alticola, C. g. goldmani differs in having signif- 
icantly smaller external and cranial dimensions (Table 1) and less reduced and 
specialized dentition. 


Remarks.—As implied by the lengthy synonymy, more popula- 
tions here included under the name C. g. goldmani have been named 
as distinct taxa than in any other representative of the genus 
Cryptotis. Some of the confusion, as alluded to earlier, resulted from 
failure to distinguish between C. goldmani and C. mexicana. Mer- 
riam (1895:27) clearly distinguished between Blarina alticola and 
typical Blarina mexicana, but failed to note similarities between 
Blarina mexicana goldmani and Blarina mexicana machetes. He 
(op. cit.:28) recognized the relationship between Blarina fossor and 
Blarina alticola, but failed to compare either with Blarina mexicana 
machetes. Miller (1911:222) compared Cryptotis frontalis with typi- 
cal mexicana, but not with either fossor or machetes. Likewise, 
Jackson (1933:81) compared Cryptotis griseoventris with typical 
mexicana, but not with either machetes or fossor. Thus, the typo- 
logical approach to the study of relationships was the primary source 
of the chaotic array of names that now appear in the synonymy of 
C. g. goldmani. 

Davis and Lukens (1958:350) demonstrated conclusively that the 
characteristics by which Jackson (1933:80) distinguished Cryptotis 
guerrerensis from Cryptotis mexicana goldmani actually were the 
result of age and seasonal variation rather than genetic differences. 
Additional specimens now available from near the type locality of 
guerrerensis substantiate their contention that the two named kinds 
are synonymous. Similarly, the only real differences among popu- 
lations that were given the names fossor, machetes, griseoventris, 
and goldmani are seasonal rather than genetic: the holotype and 
paratypes of fossor are in a mixture of short summer pelage and even 
shorter juvenal pelage; the type series of machetes is in luxuriant 
winter pelage; the type series of goldmani is in worn winter pelage; 
the type series of griseoventris includes a mixture of specimens in 
juvenal pelage, specimens undergoing post-juvenal molt, and speci- 
mens in adult summer pelage. There are no consistently diagnostic 
qualitative features by which any of the populations on which these 
names were based can be recognized, and none differs significantly 
in mensural characteristics. 

It is noteworthy that specimens from the Mesa Central of 
Chiapas and the highlands of western Guatemala do not differ sig- 
nificantly from specimens from populations west of the Isthmus of 
Tehuantepec, even though damp fir forests of the kind usually 
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frequented by goldmani are scarce, at least at present, on the isthmus 
(see also Duellman, 1960:32). However, specimens from the District 
of Tehuantepec in Oaxaca have been collected in relatively xeric 
pine forest, perhaps indicating that gene flow is continuous, although 
retarded, across the isthmus at the present time. 


Specimens examined.—74, as follows: GUERRERO: 3 mi. NW Omilteme, 
ca. 7500 ft., 1 (USNM); 3 mi. W Omilteme, 8200 ft., 1 (MVZ); 2 mi. W 
Omilteme, 7800-7900 ft., 4 (TCWC); Omilteme, 7300-8000 ft., 9 (3 KU, 6 
USNM); mountains NW Chilpancingo, 9600-9800 ft., 5 (1 BMNH, 4 USNM):; 
S slope Cerro Teotepec, ca. 10,300 ft., 1 (UMMZ). OAXACA: 6% mi. SSW 
Vista Hermosa, 7100 ft., 1 (KU); 11 mi. NE Llano de las Flores, 9100 ft., 1 
(UMMZ); 2 km. NE San Andres Chicahuaxtla, ca. 7500 ft., 1 (UMMZ); Cerro 
Zempoaltepec, 8000-10,500 ft., 5 (1 BMNH, 4 USNM); Mixteguilla, ca. 500 
ft., 2 (AMNH); “near the City of Tehuantepec,’ ca. 500 ft., 1 (USNM): 
Lachao, ca. 7000 ft., 1 (AMNH); mountains near Santa Maria Ozolotepec, 
10,000 ft. 8 (1 BMNH, 7 USNM); San Juan Ozolotepec, ca. 7500 ft., 1 
(AMNH); San Miguel Suchixtepec, ca. 9000 ft., 2 (AMNH); 3 km. SW San 
Miguel Suchixtepec, ca. 7400 ft., 1 (UNAM). CHIAPAS: San Cristébal de las 
Casas, 9500 ft., 9 (USNM); 6 mi. SE San Cristébal de las Casas, ca. 7000 ft., 1 
(MCZ). GUATEMALA: Todos Santos Cuchumatan, 10,000 ft., 19 (USNM). 


Cryptotis goodwini Jackson 


Cryptotis goodwini Jackson, Proc. Biol. Soc. Washington, 46:81, 27 April 1933; 
Goodwin, Bull. Amer. Mus. Nat. Hist., 68.6, 12 December 1934; Felten, 
Senckenbergiana Biologica, 39:218, 15 December 1958; Hall and Kelson, 
The mammals of North America, 1:61, 31 March 1959; Genoways and 
Choate, Proc. Biol. Soc. Washington, 80:204, 1 December 1967. 

Cryptotis nigrescens, Burt and Stirton, Misc. Publ. Mus. Zool., Univ. Michigan, 
117:21, 22 September 1961 (part). 

C[ryptotis]. goodwini, Musser, Occas. Papers Mus. Zool., Univ. Michigan, 636:7, 
17 June 1964. 


Holotype.—Adult male, skin (adult winter pelage) and skull, U.S. National 
Museum no. 77074, obtained on 13 January 1896 by E. W. Nelson and E. A. 
Goldman, original number 9073; type locality, Calel, 10,200 ft., Quezaltenango, 
Guatemala. 


Distribution —Highlands of southern Guatemala and western El Salvador 
(Fig. 6); possibly also on the Sierra Madre of Chiapas and the highlands of 
western Honduras. 


Measurements of holotype.—Total length 117; length of tail 28; length of 
hind foot 15.5; condylobasal length 21.1; palatal length 9.3; maxillary breadth 
7.2; interorbital breadth 5.9; length of maxillary toothrow 7.9; cranial breadth 
11.1; length of M2 1.7. 


Diagnosis.—External characteristics: size large for the genus (Table 1); tail 
short, averaging 35 per cent of length of head and body; front feet and claws 
large; juvenal pelage unknown; adult summer and winter pelages distinctive; 
winter pelage luxuriant with numerous vermiculations, dorsum near Bister in 
old specimens (1896), but nearer Clove Brown in recently taken specimens 
(1954-1955), venter paler because of admixture of pale buff- or white-tipped 
hairs; summer pelage not especially luxuriant, a few vermiculations sometimes 
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present when pelage is fresh, dorsum Bister in specimens obtained in 1926, 
Clove Brown in specimens obtained in 1947, venter only slightly paler. 

Cranial characteristics: rostrum relatively long, slender; braincase not espe- 
cially angular; anterior limit of zygomatic plate above metastyle of M1; posterior 
limit of zygomatic plate at level of or posterior to maxillary process, above M3; 
dentition not bulbous; anterior element of ectoloph of M1 reduced relative to 
posterior element; posterior surfaces of P4-M2 decidedly recessed; protoconal 
basin of M1 reduced relative to hypoconal basin; M3 consisting primarily of 
paracrista, precentrocrista usually vestigial and frequently absent; talonid of m3 
reduced, short, consisting only of hypoconid, which frequently is vestigial. 

Comparisons.—Comparisons with C. mexicana, C. magna, and C. nigrescens 
are given in the accounts of those species. 

From C. goldmani, C. goodwini differs as follows: size larger, both externally 
and cranially (Table 1); pelage slightly darker; braincase less angular; M3 
more reduced, precentrocrista seldom present and metacone never present 
(either or both sometimes present in goldmani); talonid of m3 more reduced, 
consisting only of hypoconid, which frequently is vestigial. 

From C, gracilis, C. goodwini differs as follows: size notably larger, both 
externally and cranially (Table 1); tail relatively and actually much shorter, 
averaging 35 (as opposed to 52) per cent of length of head and body; front feet 
and claws markedly larger; posterior surfaces of P4-M2 considerably more re- 
cessed; M3 much more reduced, metacone and postcentrocrista never present 
(always present in gracilis); talonid of m3 reduced, entoconid never present. 

From C. endersi, C. goodwini differs as follows: size notably larger, both 
externally and cranially (Table 1); tail relatively and actually much shorter, 
averaging 35 (as opposed to 49) per cent of length of head and body; front feet 
and claws markedly larger; rostrum relatively shorter; dentition not bulbous; 
anterior element of ectoloph of M1 reduced relative to posterior element; pos- 
terior surfaces of P4-M2 recessed; protoconal basin of M1 reduced relative to 
hypoconal basin; M3 much more reduced, metacone absent; talonid of m3 more 
reduced, entoconid never present (entoconid present but vestigial in endersi). 


Remarks.—Cryptotis goodwini is the most highly specialized 
member of the mexicana-group. In addition to possessing well- 
developed front feet and claws characteristic of C. goldmani, the 
species goodwini exhibits more extreme reduction of dentition than 
any other Middle American representative of the genus. The talonid 
of m3 in goodwini never consists of more than one cusp, and that 
cusp (the hypoconid) is vestigial in many specimens. The third upper 
molar generally has become reduced to a single bladelike crista (the 
paracrista). Emargination of the upper molariform teeth is more 
pronounced than in either mexicana or goldmani, and approaches 
the most extreme situation found in Mexican populations of C. 
parva. 

The known distribution of C. goodwini is restricted primarily to 
humid montane forests in the southern half of Guatemala and 
adjacent El] Salvador. Elevations on major topographic features 
from which representatives of the species have been obtained vary 
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as follows: 9500-11,000 feet on the Alto Cuchumatanes; approxi- 
mately 3000 feet on the Sierra de Xucaneb; 6000-10,000 feet on the 
Sierra de Chuactis; and approximately 4000-11,000 feet on the Sierra 
Madre de Guatemala. The majority of specimens have been ob- 
tained in forests of pine or oak, frequently mixed with cypress, fir, or 
alder, and often including abundant sacat6n or mosses. These ele- 
vations and habitats could be construed to pertain to the Canadian 
and Humid Upper Tropical life zones of Goldman (1951), and are 
included in the subtropical life belt of Stewart (1950) and the sub- 
tropical and temperate life belts of Griscom (1932). Cryptotis good- 
wini is too poorly known ecologically to warrant more than a general 
account of its distribution, but it is noteworthy that the species ex- 
hibits no apparent geographic variation throughout its known range 
on the various highland masses of Guatemala. 

Felten’s (1958:218) report of a specimen of goodwini from Haci- 
enda Montecristo, E] Salvador, constitutes the only record for the 
species from that country. Without examining the specimen, Burt 
and Stirton (1961:21) listed the record under C. nigrescens, probably 
because they had examined specimens of nigrescens from localities 
near that from which Felten’s specimen was obtained. Cranial 
measurements listed in Felten’s report (condylobasal length 20.7; 
cranial breadth 10.9), however, are much too large for nigrescens 
and agree well with measurements of goodwini. 

Each of a series of seven adult males (UMMZ 112004-10) caught 
on Cumbre Maria Tucum on 20 August 1962 had enlarged testes. 
The weights of those males ranged from 15.7 to 18.7 grams; an adult 
female (UMMZ 112011) caught at that locality on the same date 
weighed 16.2 grams. 


Specimens examined.—37, all from GUATEMALA, as follows: 3% mi. SW 
San Juan Ixcoy, 10,120 ft., 1 (KU); Hacienda Chancol, 15 mi. W Nebaj, 9500- 
11,000 ft., 1 (USNM); Finca Xicacao, ca. 3000 ft., 1 (UMMZ); S slope Volcan 
Tajamulco, 10,000 ft., 1 (UMMZ); Finca La Paz, ca. 4000 ft., 2 (UMMZ); 
Calel, 10,200 ft., 14 (USNM); Cumbre Maria Tucum, ca. 9900 ft., 8 (UMMZ); 
Santa Elena, 9900-10,000 ft., 4 (FMNH); Tecpdn, 9700 ft., 1 (AMNH); Volcan 
Santa Maria, 9000-11,000 ft., 2 (USNM); 5 mi. N, 1 mi. W Santa Cruz El 
Chol, 6000 ft., 1 (KU); Mataquescuintla, 8400 ft., 1 (USNM). 


Additional record—EL SALVADOR: Hacienda Montecristo, Santa Ana 
(Felten, 1958:218). 
Cryptotis parva-group 
Cryptotis parva 


(Synonymy under subspecies) 


Distribution.—Southward from the eastern United States in mesic areas of 
northeastern México from at least as far west as Ciudad Acuna and Melchor 
Muzquiz on the Rio Grande and its tributaries in Coahuila, across northern 
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Fic. 12. Geographic distribution of Cryptotis parva. Circles half solid above, 

C. parva berlandieri; solid circles, C. parva soricina; open circles, C. parva 

pueblensis; circles half solid below, C. parva tropicalis; circles half solid left, 
C. parva orophila. 


Nuevo Leén and Tamaulipas to the Gulf coastal lowlands, southward in the 
lowlands and on the Sierra Madre Oriental in Tamaulipas and probably Nuevo 
Leon, thence southward and westward across the Mexican Plateau to the Valley 
of Mexico and the Cordillera Voleanica; on the Sierra Madre Oriental in Vera- 
cruz and Puebla, and on the Sistema Montanoso and the Sierra Madre del Sur 
in Oaxaca, thence across the Isthmus of Tehuantepec and onto the Mesa Central 
and the Sierra Madre in Chiapas, the Sierra Madre in Guatemala, and highlands 
of British Honduras, Honduras, El Salvador, and north-central Nicaragua; also 
on the cordilleras of Costa Rica and the Chiriqui region of Panama (Fig. 12). 


Diagnosis.—External characteristics: size small for the genus (Table 1); tail 
short, averaging 29-37 per cent of length of head and body; front feet and claws 
small; juvenal and adult summer pelages frequently not distinctive, overall 
appearance “salt-and-pepper” gray or grayish brown, juvenal pelage charac- 
teristically lacking basal gray region; adult winter pelage always distinctive, 
relatively luxuriant, with vermiculations numerous only at higher elevations 
(vermiculations usually faint or lacking elsewhere), overall appearance “salt- 
and-pepper” brown or dark brown (precise color determinations given in 
accounts of subspecies ). 

Cranial characteristics: rostrum short; braincase not especially angular, al- 
most pentagonal in shape; anterior limit of zygomatic plate varying from slightly 
anterior to mesostyle of M1 to above metastyle of that tooth; posterior limit of 
zygomatic plate above, or slightly anterior to, maxillary process; dentition not 
bulbous; anterior element of ectoloph of M1 reduced relative to posterior ele- 
ment; posterior surfaces of P4-M2 decidedly recessed (less so in southern 
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México and Guatemala); protoconal basin of M1 reduced relative to hypoconal 
basin; M3 usually consisting only of paracrista and precentrocrista, the latter 
sometimes reduced or absent (vestigial postcentrocrista or metacone present in 
a few specimens ); talonid of m3 consisting only of hypoconid. 

Comparisons.—Comparisons with C. mexicana, C. goldmani, C. endersi, and 
C. gracilis are given in the accounts of those species. 

From C. nigrescens, C. parva differs as follows: pelage usually paler, espe- 
cially ventrally; size generally smaller (Table 1); dentition not bulbous; anterior 
element of ectoloph of M1 reduced relative to posterior element; posterior sur- 
faces of P4-M2 considerably recessed (not at all recessed in nigrescens); pro- 
toconal basin of M1 reduced relative to hypoconal basin. 

From C. goodwini, C. parva differs as follows: size conspicuously smaller, 
both externally and cranially (Table 1); rostrum relatively and actually shorter; 
M3 less reduced, metacone and precentrocrista sometimes present (never present 
in goodwini ). 

From C. magna, C. parva differs as follows: size conspicuously smaller, both 
externally and cranially (Table 1); tail relatively and actually shorter, averaging 
29-37 (as opposed to 52) per cent of length of head and body; pelage usually 
paler, especially ventrally; dentition not bulbous (moderately bulbous in magna): 
posterior surfaces of P4-M2 considerably recessed; protoconal basin of M1 re- 
duced relative to hypoconal basin; M3 considerably more reduced; talonid of m3 
consisting only of hypoconid (both hypoconid and well-developed entoconid 
always present in magna). 


Remarks.—Cryptotis parva can be distinguished under field con- 
ditions from all other species in the genus except C. nigrescens solely 
on the basis of its small external size. Adults of parva can be segre- 
gated readily by their pale (almost white) ventral coloration from 
specimens of nigrescens of any age. In labial view, the upper and 
lower unicuspids of parva appear relatively small, slender, and blade- 
like; in nigrescens, on the other hand, the unicuspids appear larger, 
rounded, and not at all bladelike. 

Unlike that of most other representatives of the genus, the hair 
of parva retains more-or-less generalized agouti characteristics, 
which are most noticeable in winter pelage. It has been suggested 
by Hershkovitz (1968) that the agouti pattern is primitive in mam- 
mals, and that change from the agouti pattern is directional and 
predictable. This hypothesis is debatable (Lawlor, 1969); never- 
theless it is of interest that parva, with its agouti-type pelage, shows 
more geographic variation in color than any other species in the 
genus. In contrast to the generalized pelage characteristics, the skull 
and dentition of C. parva are highly specialized. Features of the 
teeth, such as reduction of M3 and m3 and posterior emargination 
of P4-M2, are advanced beyond those of the other species (C. nigre- 
scens) herein referred to the parva-group, and the antiquity of these 
features is attested to by the fossil record. 
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Five subspecies of C. parva are recognized here from Middle 
America. One of these subspecies, C. p. berlandieri, also occurs in 
the United States, and four additional nominal subspecies are known 
only from the United States and extreme southern Canada (Hall 
and Kelson, 1959:56-58). The status of the subspecies occurring 
north of México will be reviewed in a later paper. 

The distribution of C. parva in Middle America is restricted pri- 
marily to mesic habitats near permanent sources of water. Elevations 
at which representatives of the species have been obtained vary as 
follows: 30-1050 feet along the Rio Grande at the border between 
Texas and México; 1600 feet near a tributary of the Rio Grande in 
Coahuila; from 30 feet on the Gulf coastal plain to 3400 feet on the 
Sierra Madre Oriental in Tamaulipas; 2000-7300 feet on the Mexican 
Plateau in San Luis Potosi and Guanajuato; 5000-6600 feet on the 
Cordillera Volcanica and associated highlands in Jalisco; 3100 feet 
on the northwesternmost slopes of the Cordillera Volcanica (more 
specifically, the Sierra de Autlan) in Nayarit; 4250-8000 feet on the 
Cordillera Volcanica and 8900 feet on the Sierra de Coalcoman in 
Michoacan; 4100-7600 feet in the Valley of Mexico in Estado de 
México and Distrito Federal; 400 feet on the western slope of the 
Sierra Madre Oriental in San Luis Potosi; from 30 feet on the Gulf 
coastal plain to 6500 feet on the Sierra Madre Oriental in Veracruz; 
from 800 feet on the Gulf coastal plain to 3300 feet on the Sierra 
Madre Oriental in Puebla; from 300 feet in the Caribbean lowlands 
to 4900 feet on the Sistema Montanoso and 2400-6600 feet on the 
Sierra Madre del Sur in Oaxaca; 3000-7800 feet on the Mesa Central 
and 500-4600 feet on the Sierra Madre in Chiapas; 3200-4900 feet on 
the Sierra Madre in Guatemala; 1000 feet on the highlands of British 
Honduras; 2500-5500 feet on the highlands of Honduras; 4000-5000 
feet on the Cordillera Isabella in Nicaragua; 3800-7750 feet on the 
Cordillera Central, Cordillera de Talamanca, and intervening regions 
in Costa Rica; and 3600-6800 feet on the Cordillera de Talamanca in 
the Chiriqui region of Panama. 

Although C. parva is primarily a grassland species, its distribu- 
tion apparently is not restricted by strict preference for any biotic 
association. Rather, the species occurs ubiquitously in habitats vary- 
ing from mesic borders along permanent sources of water where the 
dominant vegetation away from the stream may consist of mesquite, 
yucca, or agave, to grass-covered llanos, scrubby live oak or pine- 
oak forests, dense humid tropical forests, or cloud forests. Using 
Goldman’s (1951) arrangement of biotic associations, this diversity 
of habitat would include the Lower Austral, Upper Austral, Arid 
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Lower Tropical, Arid Upper Tropical, Humid Lower Tropical, and 
Humid Upper Tropical life zones. Judging from series of specimens 
presently in collections, the species is most easily caught in large 
numbers in restricted damp or mesic areas, such as at the borders 
of streams or lakes, within otherwise relatively arid habitats. 

Available data on reproduction in Middle American populations 
of C. parva indicate that females probably bear young throughout 
the year, at least at certain elevations and latitudes, but that the peak 
of reproduction occurs between the vernal equinox and autumnal 
equinox. Individuals classified as young on the basis of dentition 
and pelage have been collected in every month except March and 
May. Likewise, subadults, adults, and old adults are evenly dis- 
tributed throughout the seasons. Specimens in collections for which 
there are data on reproductive condition are few: an adult female 
(KU 54923) caught on 6 June 1953 at a place 2 mi. S and 10 mi. W 
Piedra, Tamaulipas, was lactating; an adult female (KU 54924) 
caught on 5 July 1953 at a place 1 mi. S Altamira, Tamaulipas, had 
three embryos that measured 5 mm. in crown-rump length; an adult 
male and female (AMNH 164871-72) from 6 mi. N Rancho del 
Tigre, Tamaulipas, were caught together in a nest with four young 
on 22 April 1953 (see also Goodwin, 1954c:3); an adult female 
(UMMZ 93144) that was caught on 26 May 1948 at a place 3 mi. E 
Patzcuaro, Michoacan, contained six embryos that measured 3 mm. 
in crown-rump length; an old adult female (CAS 14311) from ap- 
proximately 6 mi. N Puerto Escondido, Oaxaca, was lactating when 
caught on 10 August 1965. 

Molt, like reproduction, apparently is influenced by elevation, 
latitude, and associated environmental factors. Individuals in adult 
summer pelage have been collected in March, April, June through 
August, and November; those molting from summer to winter pelage 
in December; those in winter pelage from November through July; 
those molting from juvenal to winter pelage in September, Novem- 
ber, and December; those molting from winter to summer pelage in 
March and June. The amount of overlap between winter and sum- 
mer pelage, which is greater in parva than in other species of 
Cryptotis, may be attributed to the variable range, in both latitude 
and altitude, of this species. 


Geographic variation—The general trend in geographic variation 
of external and cranial dimensions among Middle American popu- 
lations of Cryptotis parva, with few exceptions, is for size to increase 
with decreasing latitude as far south as Guatemala, and then to 
decrease irregularly southward from Guatemala. 
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Geographic variation in total length is relatively typical of the 
general pattern for external measurements. Populations along the 
Rio Grande and its tributaries in southernmost Texas and north- 
eastern México (sample 1), in mesic regions associated with, or on 
either side of, the Sierra Madre Oriental in Tamaulipas and San Luis 
Potosi (sample 2), and in mesic regions of Nayarit, Jalisco, Guana- 
juato, and Michoacan (sample 3) have significantly smaller mean 
total lengths than populations at higher elevations or lower latitudes. 
Populations on the Sierra Madre Oriental and surrounding areas in 
southern San Luis Potosi, northern Veracruz, and Puebla (sample 
5), and in southern Veracruz (sample 6), as well as those on both 
the Sistema Montanoso and Sierra Madre del Sur in Oaxaca (sample 
7) and the Mesa Central and surrounding areas in Chiapas (sample 
8), have mean total lengths that are approximately intermediate 
between means of populations to the north (see above) and those 
of populations in eastern Chiapas and Guatemala. Of this group of 
montane Mexican populations, the one from Oaxaca (sample 7) has 
the largest mean total length. Populations in Honduras, E] Salvador, 
and Nicaragua (sample 10) have a smaller mean total length than 
those at higher latitudes, thus breaking the trend of increasing size 
with decreasing latitude, but the population in Costa Rica and 
Panama (sample 11) has a significantly larger mean total length 
than that (sample 10) immediately adjacent to the north. The popu- 
lation inhabiting easternmost Chiapas and Guatemala (sample 9) 
has the largest mean total length of all populations sampled, followed 
by that of shrews inhabiting the Valley of Mexico (sample 4). 

With certain exceptions, geographic variation in length of tail 
and length of hind foot follow the same general pattern as that of 
total length. The tail is longest in specimens from Oaxaca (sample 
7), Guatemala (sample 9), and the Valley of Mexico (sample 4); 
it is significantly longer in Oaxacan specimens (sample 7) than in 
specimens from east of the Isthmus of Tehuantepec in Chiapas 
(sample 8), but this may be due to errors in measurement or sam- 
pling. As with total length, the smallest means are those of samples 
1 and 2 from the relatively arid northern regions of eastern México. 
Length of hind foot is not particularly variable, and demonstrates no 
clear pattern of variation except a slight tendency for decrease at 
either end of the geographic range of the species. 

Geographic variation in each cranial measurement shows approx- 
imately the same general pattern, which corresponds closely with 
that shown by external measurements. Populations characterized 
by consistently having the smallest cranial dimensions are those 
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(samples 1, 2, and 3) in the lowlands or at middle elevations in 
northeastern México, on the Mexican Plateau, and in western México 
mostly north of the Cordillera Volcanica. The population (sample 
4) inhabiting the Valley of Mexico averages only slightly larger than 
those (samples 1, 2, and 3) from areas farther to the north and west 
in every measurement except condylobasal length, which averages 
greater in that population than in all others except those (samples 
7, 8, and 9) inhabiting extreme southern México and Guatemala. 
Cranial size generally increases in clinal fashion from northwest 
(samples 5 and 6) to southeast (sample 8) on the mountains of 
southern Mexico, with the exception that cranial dimensions charac- 
teristically average slightly larger in Oaxaca (sample 7) than in 
adjacent populations inhabiting the Sierra Madre Oriental in south- 
ern Veracruz (sample 6) and the Mesa Central in Chiapas (sample 
S). Specimens from easternmost Chiapas and Guatemala (sample 
9) have the largest mean cranial dimensions of all populations 
studied for each measurement except one (interorbital breadth). 
The population from Costa Rica and Panama (sample 11) has a 
larger mean interorbital breadth, length of maxillary toothrow, and 
length of M2 than the adjacent population from farther to the north 
in Honduras, El Salvador, and Nicaragua (sample 10); the latter 
population, however, averages larger than the former in other cranial 
dimensions analyzed. 

Presentation of the results of multivariate analysis of geographic 
variation in C. parva in the form of a semi-diagrammatic map with 
distance coefficients connecting geographically and_ ecologically 
feasible routes of gene flow among samples (Fig. 13) demonstrates 
certain trends alluded to by successive analyses of individual char- 
acters. First, populations in northern and western México (samples 
1, 2, and 3) constitute a cohesive taxonomic unit (the subspecies 
berlandieri) that differs appreciably from all other populations to 
the east and south. Second, specimens from the Valley of Mexico 
(sample 4) differ markedly from specimens from lower elevations 
and higher latitudes (samples 1, 2, and 3), but do not differ appre- 
ciably in mensural characteristics from specimens representing mon- 
tane populations farther to the east. Although recognition of the 
population inhabiting the Valley of Mexico (sample 4) as a distinct 
taxonomic entity solely on the basis of mensural characters would be 
tenuous, that population also is characterized by black pelage unlike 
that of any adjacent population, and therefore is considered to 
comprise a distinct subspecies (soricina). 

The third feature of interest in Fig. 13 is the high distance co- 
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Fic, 13. Semi-diagrammatic representation of geographic relationships of sam- 

ples of Cryptotis parva. Localities included in numbered samples are listed in 

Methods and Materials. Distance coefficients are illustrated for all potential 

routes of gene flow; the lower the coefficient, the greater the resemblance 
(see text). 


efficient (1.009) separating the population (sample 6) on the south- 
ern part of the Sierra Madre Oriental in Veracruz from that (sample 
7) in Oaxaca. One factor that probably contributed to this situation 
was the fact that it was necessary to lump all specimens from the 
state of Oaxaca, including those from both the Sistema Montanoso 
and the Sierra Madre del Sur, into a single sample in order to have 
sufficient specimens for analysis. Preliminary analysis of variability 
within the combined sample from Oaxaca substantiated the practi- 
cality of pooling the specimens, but the resulting distance coefficients 
between the Oaxacan sample and adjacent populations probably 
was increased thereby because of added variance within the pooled 
sample. Examination of a phenogram (Fig. 14) based on distance 
matrices demonstrates the same results in another way; samples 5 
and 6 are split off from samples 7 and § by the interposed samples 
10 and 11. The true distance coefficients and the phenogram co- 
efficients, however, are only 78.4 per cent correlated in this instance; 
thus, the disparity regarding phenetic relationships may be due to 
numerical distortion. The basic pattern of the phenogram is infor- 
mative, but it is necessary to interpret deviations from expectation 
based on knowledge from qualitative as well as mensural characters. 
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Fic. 14. Phenogram of numbered samples (see Fig. 13) of Cryptotis parva 

computed from distance matrices on standardized characters and clustered by 

the unweighted pair-group method using arithmetic averages (UPGMA). The 

cophenetic correlation coefficient for the phenogram is 0.784. Subspecific assign- 
ment is indicated to the right of the sample numbers. 


In this regard, montane populations (samples 5, 6, 7, and 8) of C. 
parva from southern México share features of the dentition and have 
approximately the same pelage coloration; therefore, all are con- 
sidered here to represent a single geographically variable subspecies 
(pueblensis). 

Demarcation of the population (sample 9) in easternmost 
Chiapas and Guatemala as a separate subspecies (tropicalis) is justi- 
fied by the extraordinarily high distance coefficients shown in Fig. 
13, the characteristically large external and cranial dimensions of 
these shrews, and relatively dark color of pelage. Specimens from 
farther to the east and southeast (samples 10 and 11) have signif- 
icantly smaller dimensions than those from easternmost Chiapas and 
Guatemala, and are considered to represent a fifth subspecies 
(orophila). 

As discussed earlier, strict adherance to distance coefficients as 
the criterion for subspecific determination would necessitate nomi- 
nal recognition of several populations in addition to the five recog- 
nized here. Geographic variation of qualitative characters of den- 
tition and pelage, however, corresponds well with the division of 
Middle American populations of C. parva into only five subspecies 
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pending acquisition and study of additional specimens from certain 
critical parts of the range of the species. 


Cryptotis parva berlandieri (Baird) 


Blarina berlandieri Baird, Mammals, in Reports of explorations and surveys . . . 
from the Mississippi River to the Pacific Ocean ... , 8(1):53, 14 July 1858; 
Baird, Mammals of the boundary, in United States and Mexican Boundary 
Survey, ..., p. 5, 1859; Merriam, N. Amer. Fauna, 10:20, 31 December 
1895; Bailey, N. Amer. Fauna, 25:208, 24 October 1905. 

Cryptotis parva berlandieri, Davis, Jour. Mamm., 22:413, 13 November 1941; 
Goodwin, Amer. Mus. Novit., 1689:3, 12 November 1954; Findley, Univ. 
Kansas Publ., Mus. Nat. Hist., 7:615, 10 June 1955; Booth, Walla Walla 
College Publ., Dept. Biol. Sci. and Biol. Sta., 20:9, 10 July 1957; Hall and 
Kelson, The mammals of North America, 1:57, 31 March 1959; Alvarez, 
Univ. Kansas Publ., Mus. Nat. Hist., 14:396, 20 May 1963. 

B{larina}. blrevicauda). berlandieri, Elliot, Field Columbian Mus, Publ. 71, 
Zool. Ser., 3:149, 20 March 1903. 

Blarina parva, Merriam, N. Amer. Fauna, 10:18, 31 December 1895 (part). 

Blarina pergracilis Elliot, Field Columbian Mus. Publ. 71, Zool. Ser., 3:149, 20 
March 1903, holotype from Ocotlan, Jalisco. 

Cryptotis pergracilis macer Miller, Proc. Biol. Soc. Washington, 24:223, 31 
October 1911, holotype from near Guanajuato, Guanajuato; Hall and Kelson, 
The mammals of North America, 1:58, 31 March 1959. 

Cryptotis pergracilis pergracilis, Miller, Proc. Biol. Soc. Washington, 24:223, 31 
October 1911; Hall and Villa-R, Univ. Kansas Publ., Mus. Nat. Hist., 
1:440, 27 December 1949; Hall and Villa-R, Anal. Inst. Biol., 21:165, 28 
September 1950; Baker and Alcorn, Jour. Mamm., 34:116, February 1953; 
Hall and Kelson, The mammals of North America, 1:58, 31 March 1959; 
Hooper, Jour. Mamm., 42:121, February 1961. 

Cryptotis berlandieri, Miller, Bull. U.S. Nat. Mus., 79:25, 31 December 1912. 

Cryptotis pergracilis nayaritensis Jackson, Proc. Biol. Soc. Washington, 46:79, 
27 April 1933, holotype from Tepic, 3000 ft., Nayarit; Hall and Kelson, The 
mamma's of North America, 1:58, 31 March 1959. 

Cryptotis pergracilis, Twente and Baker, Jour. Mamm., 32:120, February 1951; 
Koopman and Martin, Jour. Mamm., 40:4, February 1959. 

Cryptotis pergracilis pueblensis, Dalquest, Louisiana State Univ. Studies, Biol. 
Sci. Ser., 1:22, 28 December 1953 (part); Goodwin, Amer, Mus. Novit., 
1689:3, 12 November 1954; Hall and Kelson, The mammals of North Amer- 
ica, 1:58, 31 March 1959 (part). 

Cryptotis pergracilis macra, Miller and Kellogg, Bull. U.S. Nat. Mus., 205:39, 
1955. 

Cryptotis parva, Raun, Southwestern Nat., 10:214, 1 July 1965. 


Lectotype.—Young, sex unknown, preserved in alcohol (juvenal pelage) 
with skull removed, U.S. National Museum no. 2159, probably obtained (on an 
unknown date) by J. L. Berlandier, but received from Lt, D. N. Couch; cata- 
logued on 14 February 1857; type locality, vicinity of Matamoros, Tamaulipas. 


Distribution —Mesic regions along the Rio Grande and its tributaries east of 
the Sierra Madre Oriental as far south as southern Tamaulipas, thence westward 
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across the Sierra Madre in mesic areas on the Mexican Plateau, and farther 
westward on either side of the Sierra Madre Occidental north of the Cordillera 
Volcanica except near the Pacific coastal lowlands, where populations extend 
south of the Cordillera onto the Sierra de Coalcoman in Michoacan (Fig. 12). 
Also known from north of the Rio Grande in Texas. 


Measurements of lectotype.—Length of tail 17; length of hind foot 10 
(measurements taken after long immersion in alcohol). 


Color.—Dorsum in winter pelage near Bister, Olive-Brown, or Buffy Brown 
in specimens collected after about 1940, usually nearer Sepia or Snuff Brown in 
specimens collected prior to that time; summer pelage paler, grayer, less reddish; 
juvenal pelage nearer buffy olive or gray. 

Comparisons.—Specimens referred to berlandieri average paler and signif- 
icantly smaller in most measurements (Table 1) than specimens referred to 
other subspecies of C. parva treated in this paper. 


Remarks.—Baird’s (1858:53) original description of berlandieri 
was based on four specimens; one (USNM 2159) was figured but 
none was designated as holotype. The figured specimen subse- 
quently was designated as the lectotype by Lyon and Osgood 
(1909: 237): 

As presently understood, the range of berlandieri extends into 
southern Texas as far as Dilley, Frio County, and San Diego, Duval 
County (Davis, 1941:418). Raun (1965:214) reported the western- 
most record for C. parva in the watershed of the Rio Grande (from 
“Rancho las Ruscias,” 10 mi. NE Melchor Muzquiz, about 1600 feet, 
Coahuila), and commented (op. cit.:218) on the “tenuous division 
of C. parva into subspecies.” His comment probably was justified, 
but the name berlandieri here is retained pending completion of a 
systematic review of United States populations of Cryptotis parva. 

Cryptotis parva berlandieri is the most highly specialized dentally 
of the Middle American subspecies of C. parva. It is also one of 
the most ubiquitous as regards distribution and habitat, ranging 
from gulf coastal lowlands to the Sierra Madre Oriental, the Mexican 
Plateau, and the Cordillera Volcanica, and altitudinally from just 
above sea level to almost 9000 feet. Because of the tolerance of 
berlandieri for varied habitats, gene flow may be almost continuous 
throughout its entire geographic distribution. Even so, clinal geo- 
graphic variation in size and color exists among populations for 
which samples are available. The tendency is for individuals to grow 
larger and have darker pelage at higher elevations or in less xeric 
habitats; therefore, specimens from the Sierra Madre Oriental in 
southern Tamaulipas and San Luis Potosi and from the Cordillera 
Volcanica in Nayarit, Jalisco, and Michoacan average slightly larger 
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and darker than specimens from arid coastal plains or the Mexican 
Plateau. In most instances sample sizes were too small to permit 
extensive analysis of inter-populational variation of mensural char- 
acters without pooling data from several localities, but subsequent 
analyses of variance demonstrated that adjacent populations gener- 
ally are homogeneous. Likewise, trends in variation of color from 
one population to the next are not abrupt. 

Jackson (1933:79) named Cryptotis pergracilis nayaritensis on 
the basis of a single specimen from Tepic, Nayarit, and so far as I 
know that specimen remains the only representative of the genus 
Cryptotis from that state in any museum collection. The character- 
istics by which nayaritensis was distinguished from pergracilis (the 
name applied by Elliot, 1903:149, to the population of parva nearest 
Nayarit) appear to be related to age and season of capture. It is 
possible that acquisition and study of additional specimens from 
Nayarit may reveal statistically significant morphometric differences 
between specimens from that state and Jalisco, but the name 
nayaritensis tentatively is considered a junior subjective synonym of 
berlandieri. 


Specimens examined.—143, as follows: TEXAS: VAL VERDE COUNTY: 
Del Rio, ca. 1050 ft., (not plotted), 1 (USNM); CAMERON COUNTY: 
Brownsville, 30 ft., 11 (1 BMNH, 10 USNM). COAHUILA: 10 mi. NE Mel- 
chor Muzquiz, ca. 1600 ft., 1 (TNHC). TAMAULIPAS: Camargo, 200 ft., 
1 (USNM); Matamoros, 30 ft., 7 (USNM); Rio Corono, 19 mi. E Cd. Victoria, 
ca. 500 ft., 2 (MCZ); 2 mi. S, 10 mi. W Piedra, 1200 ft., 1 (KU); Aserradero 
del Paraiso, cave 11 mi. W Gomez Farias, ca. 1400 ft., 3 (1 AMNH, *2 AMNH); 
6 mi. N Rancho del Tigre, ca. 4 mi, N Ocampo, 3400 ft., 6 (AMNH); 1 mi. S 
Altamira, ca. 75 ft., 8 (KU). SAN LUIS POTOSI: El Salto, ca. 2000 ft., 4 
(AMNH); 10 km. E Platanito, ca. 3000 ft., 3 (LSU); Alvarez, 7300 ft., 1 
(MCZ). NAYARIT: Tepic, 3100 ft., 1 (USNM). JALISCO: 21 mi. SW Guada- 
lajara, *28 (KU); 3% mi. N Mascota, 6150 ft., 1 (KU); Huascata, ca, 6600 ft., 
1 (ENCB); Ocotlan, 5000 ft., 4 (1 FMNH, 3 USNM); 1 mi. S Ocotlan, 5000 ft., 
3 (KU). GUANAJUATO: Guanajuato, ca. 6600 ft., 1 (USNM). MICHO- 
ACAN: 1 km. S Cumuato, 4900 ft., 1 (LACM); Colonia Ibarra, ca. 7200 ft., 
3 (1 MVZ, 2 UNAM); La Palma, 4250 ft., 3 (LACM); 2 mi. E La Palma, ca. 
4300 ft., *39 (KU); 7 km. NNW Quiroga, ca. 5900 ft., 3 (USNM); 3 mi. E 
Pdtzcuaro, 7200-SO00 ft., 1 (UMMZ); 12 km. W Morelia, ca. 6600 ft., 4 
(UNAM); “I hr. 20 min. [by mule] NE Rancho Baralosa” (Hooper, 1961:120- 
121), 8900 ft., 1 (UMMZ). 


Cryptotis parva orophila (J. A. Allen) 


Blarina (Soriciscus) orophila J. A. Allen, Bull. Amer. Mus. Nat. Hist., 7:340, 
8 November 1895. 

Blarina olivaceus J, A. Allen, Bull. Amer. Mus. Nat. Hist., 24:669, 13 October 
1908, holotype from San Raphael del Norte, 5000 ft., Jinotega, Nicaragua. 

Cryptotis olivaceus, Miller, Bull. U.S. Nat. Mus., 79:26, 31 December 1912. 

Cryptotis micrura, Goodwin, Bull. Amer. Mus. Nat. Hist., 79:116, 29 May 1942; 
Harris, Occas. Papers Mus. Zool., Univ. Michigan, 476:7, 8 October 1943; 
Hall and Kelson, The mammals of North America, 1:63, 31 March 1959 
(part). 
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Cryptotis orophila, Goodwin, Bull, Amer. Mus. Nat. Hist., 87:289, 31 December 
1946; Hall and Kelson, The mammals of North America, 1:64, 31 March 
1959. 

Cryptotis olivacea, Hall and Kelson, The mammals of North America, 1:62, 31 
March 1959. 


Holotype.—Subadult, sex unknown, skin (adult winter pelage) and skull, 
originally in alcohol, American Museum of Natural History no. 9640/9558, ob- 
tained in February of 1894 by G. K. Cherrie; type locality, “Irazii Range,” 
Cartago, Costa Rica. 


Distribution —Mesic highlands of Honduras, El Salvador, Nicaragua, Costa 
Rica, and at least westernmost Panama ( Fig. 12). 


Measurements of holotype.—Palatal length 7.6; maxillary breadth 5.4; inter- 
orbital breadth 4.1; length of maxillary toothrow 6.5; length of M2 1.3. 


Color.—Dorsum in winter pelage near Clove Brown in Costa Rican popu- 
lations sampled in 1946, as dark as Mummy Brown or near Chaetura Black or 
Fuscous in specimens from Panama collected in 1946 and 1962, nearer Bister in 
a specimen from Costa Rica obtained in 1894; dorsum in summer pelage Bister 
in specimens obtained in Costa Rica in 1946, nearer Olive-Brown in specimen 
obtained in Nicaragua in 1908; dorsum in juvenal pelage “salt-and-pepper” 
gray; venter always conspicuously paler than dorsum, hairs usually tipped with 
white or pale buff regardless of season or degree of foxing. 


Comparisons.—Comparison with C. p. berlandieri is given in the account of 
that subspecies. From C. p. soricina, all but the southernmost populations of 
C. p. orophila differ in having paler dorsal pelage. From C. p. pueblensis, C. p. 
orophila differs in having darker pelage and significantly smaller external and 
cranial dimensions (Table 1). From C. p. tropicalis, C. p. orophila differs in 
having substantially smaller external and cranial dimensions (Table 1). 


Remarks.—Cryptotis parva orophila is a wide-ranging, geo- 
graphically and altitudinally variable subspecies that, neverthless, 
apparently represents a genetically cohesive assemblage of popu- 
lations. Morphological divergence resulting from lack of, or de- 
creased, gene flow across the “Nicaraguan gap” is minimal, speci- 
mens to the south having slightly darker dorsal pelage. This trend, 
however, is already established in populations both to the north and 
south of the “gap,” and is not considered to represent a “step” com- 
parable to others that make up the step-cline of geographic variation 
among subspecies of C. parva. Likewise, mensural characteristics 
of Honduranean and Costa Rican populations of orophila differ 
slightly, but the difference is not of comparable degree of magnitude 
to those that distinguish subspecies in México, even though a gap 
of more than 200 miles exists across southern Nicaragua from which 
no specimens as yet have been obtained. It appears, therefore, that 
if gene flow is interrupted between Honduras and Costa Rica, the 
interruption has not been of sufficient duration to foster recognizable 
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subspecies. Isolated populations of this species probably occur on 
the remaining forested highlands of Nicaragua, and the apparent 
gap in distribution could be due to insufficient sampling or the 
Recent destruction by man of suitable habitat for the shrews, or both. 

The holotype of orophila is a subadult in foxed winter pelage, 
whereas the holotype and paratype of Blarina olivaceus J. A. Allen 
are in summer and juvenal pelages, respectively. The differences 
used by Allen (1908:669) to distinguish between the two taxa appar- 
ently are due to maturative and seasonal variation rather than 
genetic divergence. 

The holotype of orophila was reported by J. A. Allen (1895:340) 
to have been obtained by George K. Cherrie on Volcan Irazu. 
Goodwin (1944:2) amended the type locality to “Irazii Range” to 
correspond to the locality recorded on the label of the holotype, and 
to coincide with his belief that the specimen “was taken probably 
nearer the foothills of Volcan Irazi than the upper slopes as has 
generally been supposed.” 

A single individual (AMNH 14847) of orophila was obtained on 
20 June 1895 by Anastasio Alfaro at a place recorded on the speci- 
men label as “La Estrella,” Costa Rica. This locality was interpreted 
by Goodwin (1946:289) to be “a small village on the Estrella River, 
6 miles inland from the Caribbean coast and 18 miles south of 
Limon.” Although this interpretation may be correct, it seems more 
likely to me that the site of capture was the village of Estrella in 
Cartago Province, which is situated at an elevation of between 6000 
and 7000 feet, and from which an additional specimen of orophila 
(UMMZ 64147) was obtained in humid subtropical habitat in 1931. 

Specimens examined.—37, as follows: HONDURAS: Lago de Yojéa, ca. 
2500 ft., 1 (MCZ); Belén, ca. 5200 ft., 1(AMNH); Cerro Cantoral, ca. 5500 
ft., 1 (AMNH); Montserrat Cloud Forest, near Yuscaran, ca. 5000 ft., 2 (MCZ). 
EL SALVADOR: Cerro Montecristo, 2 (USNM). NICARAGUA: San Raphael 
del Norte, 5000 ft., 2 (AMNH); Santa Maria de Ostuma, 4000 ft., 2 (UMMZ). 
COSTA RICA: Cinchona, ca. 5200 ft., 1 (KU); Zarcero, ca. 6000 ft., 1 
(FMNH); “Irazi Range,” 1 (AMNH); Finca Coliblanca, ca. 7750 ft., 2 (KU); 
San José, ca. 3800 ft., 1 (USNM); San Pedro Montes de Oca, 4040 ft., 1 
(AMNH); Estrella, 6000-7000 ft., 1 (UMMZ); “La Estrella” (of A. Alfaro), 1 
(AMNH); Cartago, 4700-4750 ft., 2 (1 KU, 1 UMMZ); Cerro Tablazo, ca. 5000 
ft., 1 (USNM); Rito Navarro, El Mufteco, 3800-4500 ft., 3 (UMMZ); “Guarco, 


1 (KU); Monte Verde, 7 (UMMZ). PANAMA: Santa Clara, 3600-4200 ft., 2 
(USNM); Cerro Punta-Boquete trail, 6800 ft., 1 (USNM). 


Cryptotis parva pueblensis Jackson 


Cryptotis pergracilis pueblensis Jackson, Proc. Biol. Soc, Washington, 46:79, 27 
April 1933; Hall and Kelson, The mammals of North America, 1:58, 31 
March 1959 (part). 

Blarina tropicalis Merriam, N. Amer. Fauna, 10:22, 31 December 1895 (part). 

Cryptotis parva berlandieri, Davis, Jour. Mamm., 25:376, 12 December 1944. 
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Cryptotis micrura, Hooper, Jour. Mamm., 28:43, February 1947; Villa-R, Anal. 
Inst. Biol., 19:498, 30 June 1949; Findley, Univ. Kansas Publ., Mus. Nat. 
Hist., 7:616, 10 June 1955; Hall and Kelson, The mammals of North Amer- 
ica, 1:63, 31 March 1959 (part); Hall and Dalquest, Univ. Kansas Publ., 
Mus. Nat. Hist., 14:207, 20 May 1963. 

Cryptotis celatus Goodwin, Amer. Mus. Novit., 1791:1, 28 September 1956, 
holotype from Las Cuevas, Santiago Lachiquiri, Tehuantepec, Oaxaca; Hall 
and Kelson, The mammals of North America, 1:58, 31 March 1959; Good- 
win, Bull. Amer. Mus, Nat. Hist., 141:41, 30 April 1969. 


Holotype.—Subadult male, skin (adult winter pelage) and skull, US. 
National Museum no. 92720, obtained on 6 January 1898 by E. A. Goldman, 
original number 12014; type locality, Huauchinango, about 5000 ft., Puebla. 


Distribution Sierra Madre Oriental and surrounding mesic regions of 
southern San Luis Potosi, Veracruz, Hidalgo, and Puebla; hence southward on 
the Sistema Montanoso and the Sierra Madre del Sur in Oaxaca, and across the 
Isthmus of Tehuantepec onto the Mesa Central and Sierra Madre of Chiapas 
((chifeae a PA) Ee 


Measurements of holotype.—Total length 85; length of tail 22; length of 
hind foot 13; condylobasal length 16.1; palatal length 6.7; maxillary breadth 
5.3; interorbital breadth 3.9; length of maxillary toothrow 6.2; cranial breadth 
8.3; length of M2 1.3. 


Color.—Dorsum in winter pelage near Sepia or Bister in most specimens 
collected in 1895, 1947, and 1949, but sometimes nearer Mummy Brown or 
Olive-Brown; dorsum in summer pelage near Sepia or Olive-Brown in specimens 
collected in 1893-1895, nearer Clove Brown in specimens collected in 1966; 
dorsum in juvenal pelage near Fuscous or Chaetura Drab in specimens collected 
in 1893 and 1895, darker than Fuscous (nearer Olive-Brown or Bister) in speci- 
mens collected in 1947. 


Remarks.—Cryptotis parva pueblensis is primarily an inhabitant 
of highland or mid-elevation forests and savannas, although a few 
specimens referable to that subspecies have been collected from just 
above sea level in the gulf coastal lowlands. Specimens from lowland 
localities tend to be paler and smaller (in this respect resembling 
berlandieri) than more nearly typical specimens from higher ele- 
vations; intergradation with berlandieri thus occurs throughout 
southern Tamaulipas, southeastern San Luis Potosi, and northern 
Veracruz and Puebla, and seemingly is correlated (although no 
statistical tests were made) with elevation. Consequently, specimens 
from Boca del Rio and Catemaco, in the lowlands of coastal Vera- 
cruz, reasonably could be referred to berlandieri rather than to 
pueblensis, but to do so would necessitate including the coastal 
lowlands of eastern México as far south as the Isthmus of Tehuan- 
tepec within the range of berlandieri (see also Davis, 1944:376, and 
Findley, 1955a:615-616). It seems to me that a more tenable 
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alternative is to recognize that color and size in C. parva vary alti- 
tudinally in eastern México, and to restrict the name berlandieri to 
apparently interbreeding populations in southern Texas and north- 
ern México rather than geographically disjunct (and therefore non- 
interbreeding) but phenetically similar populations. 

The Isthmus of Tehuantepec apparently does not serve as a 
barrier to gene flow in C. parva, as no significant differences in size 
or color exist between populations in Oaxaca and Chiapas. A speci- 
men (AMNH 145838) from the isthmus is slightly paler and smaller 
than those on either side of the isthmus, and was given the name 
Cryptotis celatus by Goodwin (1956:1). Local or individual vari- 
ation in what may prove to be suboptimal habitat for the species, 
however, does not necessarily reflect biological relationships, and in 
my opinion does not warrant formal recognition at the subspecific 
level. Clinal variation in size is prevalent throughout the range of 
the subspecies, external and cranial size gradually increasing from 
populations in Veracruz to those in Oaxaca and Chiapas, and termi- 
nating in Guatemala in a recognizable subspecies (C. p. tropicalis). 
There are no obvious breaks in the cline throughout the distribution 
of pueblensis that approach the magnitude, for example, of the break 
between pueblensis and tropicalis. 


Specimens examined.—1085, as follows: SAN LUIS POTOSI: 15 km. NE 
Xilitla, 1 (LSU); 3 km. NE Xilitla, ca. 2200 ft., 2 (LSU); Xilitla, ca. 2200 ft., 
1 (LSU); 2 mi. E Xilitla, ca. 3000 ft., 1 (UMMZ); 2 km. SW Huichihuaydn, 
ca. 400 ft., 1 (LSU). VERACRUZ: 7 km. W EI Brinco, 800 ft., 1 (KU); 5 km. 
N Jalapa, 4500 ft., 1 (KU); 1% mi. N Jalapa, 4500 ft., 1 (UMMZ); Xico, 
4800-6500 ft., 8 (USNM); 7 km. NNW Cerro Gordo, 1500 ft., 3 (KU); Teo- 
celo, 4500-5000 ft., 11 (3 KU, 8 MCZ); Mirador, 3800 ft., 3 (USNM); Boca 
del Rio, ca. 30 ft., 1 (TCWC); 11 km. E Mecayucan, 200 ft., 1 (KU); Potrera 
Vieja, 1700 ft., 1 (KU); Orizaba, 4000-4200 ft., 6 (USNM); Catemaco, 1000- 
1500 ft, 1 (USNM). PUEBLA: Metlaltoyuca, 800 ft., 1 (USNM); Villa 
Juarez, 3300 ft., 1 (ENCB); Huauchinango, ca. 5000 ft., 5 (1 UMMZ, 4 
USNM). OAXACA: Teotitlan del Camino, ca. 3000 ft., 1 (AMNH); Tuxtepec, 
300 ft., 1 (USNM); Choapan, 2800-3000 ft., 1 (USNM); approx. 5 mi. NE 
Putla (km. 123), 4350 ft., 1 (CAS); Santiago Lachiquiri, ca. 4900 ft., 1 
(AMNH); 20 mi. S, 4 mi. E Sola de Vega, 4800 ft., 1 (KU); Sta. Catarina 
Juguila, 5000 ft., 7 (USNM); 4 km. W San Gabriel Mixtepec, 2500 ft., 2 (CAS); 
2 mi. E San Gabriel Mixtepec, ca. 3500 ft., 1 (AMNH); approx. 6 mi. N Puerto 
Escondido (km, 212), 2400 ft., 1 (CAS); Rio Jalatengo, approx. 3 mi. SW San 
Miguel Suchixtepec (km. 178), 4275 ft., 2 (CAS); San Agustin Loxicha, ca. 
6600 ft., 1 (AMNH); Pluma Hidalgo, 3000-4700 ft., 2 (USNM). CHIAPAS: 
Yajalon, 3000 ft., 1 (USNM); 1 mi. S Pueblo Nuevo Solistahuacan, 5700 ft., 1 
(KU); Rio Pulucum, NE Bochil, ca. 4560 ft., 1 (UNAM); 8 6/10 mi. SW San 
Cristébal de las Casas, 7800 ft., 2 (CAS); Volcan Kagchina, 34% km. N Las 
Margaritas, ca. 4900 ft., *174 (JDS); Cueva Los Llanos, 9 km. S Las Margaritas, 
ca, 4900 ft., *828 (JDS); valley of Comitdn, 5700 ft., 1 (USNM); Villa Flores, 
ca. 2000 ft., 1 (UMMZ); Prusia, ca. 3300 ft., 1 (UMMZ); Finca Esperanza, 4 
mi. NE Esquintla, ca. 500 ft., 1 (UMMZ); Huixtla, ca. 4600 ft., 1 (UNAM). 


Additional record.—CHIAPAS: Finca Prusia, ca. 3650 ft. ( Villa, 1949:498). 
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Cryptotis parva soricina (Merriam) 


Blarina soricina Merriam, N. Amer. Fauna, 10:22, 31 December 1895, 

Blarina berlandieri, Alston, Biologia Centrali-Americana. Mammalia, p. 208, 
1879-1882 (part). 

C[ryptotis]. soricina, Miller, Proc. Biol. Soc. Washington, 24:221, 31 October 
TOM: 

Cryptotis soricina, Villa-R, Anal. Inst. Biol., 23:320, 20 May 1953; Hall and 
Kelson, The mammals of North America, 1:63, 31 March 1959. 


Holotype.—Adult male, skin (adult winter pelage) and skull, U.S. National 
Museum no. 50762, obtained on 5 December 1892 by E. W. Nelson, original 
number 3989; type locality, Tlalpan, 7600 ft., Distrito Federal. 


Distribution Apparently confined to the Valley of Mexico in the Estado de 
México and Distrito Federal (Fig. 12). 


Measurements of holotype.—Total length 88; length of tail 23.5; length of 
hind foot 12.5; condylobasal length 17.2; palatal length 7.3; maxillary breadth 
5.0; interorbital breadth 3.7; length of maxillary toothrow 6.2; cranial breadth 
8.4; length of M2 1.2. 


Color.—Dorsum in winter pelage blackish, darker than Mummy Brown in 
specimens collected in 1892 and 1899. 


Comparisons.—From the geographically contiguous subspecies. C. p. ber- 
landieri and C. p. pueblensis, C. p. soricina differs most conspicuously in having 
darker dorsal pelage. 


Remarks.—All of the specimens of soricina presently available in 
museum collections were obtained at the southern end of the Valley 
of Mexico (see also Villa-R, 1953). Probably the subspecies had a 
much more extensive geographic range prior to drainage and regu- 
lation of Lake Texcoco, the Xochimilco-Chalco lake system, and the 
ground waters associated with the springs of Chapultepec and the 
island capital of Tenochtitlan. There is convincing evidence ( Meek, 
1904) based on the distribution of certain fishes that the drainage 
system of the Valley of Mexico at some time in the Pleistocene was 
part of the Altiplanicie Meridional, which supposedly extended 
from the Valley of Mexico to Jalisco and was drained by the Rio 
Lerma (Tamayo, 1964:109). If such a hydrographic system actually 
existed during the late Pleistocene, this would have provided a suit- 
able route of dispersal to the Valley of Mexico from Jalisco, and 
subsequent drainage would have provided the reduced gene flow 
necessary for subspeciation. 

Specimens assignable to berlandieri from the Cordillera Vol- 
canica, especially those from localities in Michoacan (Patzcuaro and 
Morelia) nearest the range of soricina, are larger and darker than 
typical berlandieri. Intergradation with soricina in mensural (but 
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not pelage) characteristics is suggested by variation seen in speci- 
mens of pueblensis from the vicinity of Orizaba, Veracruz. 


Specimens examined.—63, as follows: ESTADO DE MEXICO: 1 km. S San 
Juan Zitlaltepec, ca. 4100 ft., 1 (ENCB); Tlapacoyan, ca. 7200 ft., 58 (1 ENCB, 
*57 ENCB). DISTRITO FEDERAL: Bosque Chapultepec, 7400 ft., 1 
(UNAM); Tlalpan, ca. 7600 ft., 3 (1 BMNH, 2 USNM). 


Cryptotis parva tropicalis (Merriam) 


Blarina tropicalis Merriam, N. Amer. Fauna, 10:21, 31 December 1895 (part), 
a renaming of Sorex micrurus Tomes, preoccupied. 

Corsira tropicalis Gray, Proc. Zool. Soc. London, p. 79, 1843 (nomen nudum). 

Sorex micrurus Tomes, Proc. Zool. Soc. London, 1861:279, 1862, lectotype (in- 
formally designated by Thomas—see Handley and Choate, 1970) from 
Coban, about 4400 ft., Alta Verapaz, Guatemala. Not G[alemys]. micrurus 
Pomel, Arch. Sci. Phys. Nat. (Geneva), 9:249, 1848 [= Sorex talpoides 
Gapper]. 

Blarina micrura, Alston, Proc. Zool. Soc. London, p. 445, 1877. 

Clryptotis|. tropicalis, Miller, Proc. Biol. Soc. Washington, 24:221, 31 October 
1911. 

Cryptotis micrura, Miller, Bull, U.S. Nat. Mus., 128:32, 1924 (part); Goodwin, 
Bull. Amer. Mus. Nat. Hist., 68:5, 12 December 1934; Murie, Misc. Publ. 
Mus. Zool., Univ. Michigan, 26:17, 15 July 1935 (part); Hall and Kelson, 
The mammals of North America, 1:63, 31 March 1959 (part). 

Cryptotis tropicalis, Handley and Choate, Proc. Biol. Soc. Washington, 83:200, 
27 May 1970. 


Lectotype.—Young or subadult, sex unknown, British Museum (Natural 
History) no, 7.1.1.33, obtained in 1859 by O. Salvin and L. Fraser, original 
number 2778 (of Fraser); type locality, Coban, about 4400 ft., Alta Verapaz, 
Guatemala. 


Distribution —Mesa Central and Sierra Madre of easternmost Chiapas, and 
highlands of Guatemala and British Honduras (Fig. 12). 
Measurements of holotype.—None available. 


Color.—Dorsum in winter pelage darker than Olive-Brown, near Sepia in 
specimen obtained in 1925; “salt-and-pepper” brown, almost Olive-Brown in 
summer and juvenal pelages of specimens collected in 1926; venter tipped with 
white or buff. 


Comparisons.—Cryptotis parva tropicalis differs most conspicuously from 
all other subspecies of C. parva by its large external and cranial size (Table 1). 


Remarks.—Handley and Choate (1970) summarized the nomen- 
clatorial history of the Guatemalan shrew and gave reasons for use 
of the name tropicalis rather than micrura for the taxon. It is regret- 
table that all of the specimens excepting the holotype that were 
referred by Merriam (1895:22) to tropicalis now are assigned to 
another subspecies (pueblensis), but, in accordance with the Code 
of Zoological Nomenclature, tropicalis remains the valid name for 
the Guatemalan shrew. 
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When Merriam (op. cit.:21) in effect elevated the name tropi- 
calis from the status of a nomen nudum to the valid name for the 
Guatemalan shrew, he referred to “the two original type specimens” 
but failed to designate a type. As pointed out by Handley and 
Choate (op. cit.), Oldfield Thomas selected and labeled a specimen 
(BMNH 7.1.1.33) from the type series as “co-type and lectotype.” 
Formal designation of that specimen as lectotype, however, must 
date from the present paper. The type locality was given by Tomes 
(1862:279) as Duefias, Guatemala. Alston (1879:56), however, later 
indicated that the specimens (actually three) that comprised the 
type series had been obtained near Coban rather than at Duenas. 

Cryptotis parva tropicalis apparently intergrades with C. p. 
pueblensis to the northwest and C. p. orophila to the east. Judging 
by specimens presently in collections, the change both in color and 
size between pueblensis and tropicalis is abrupt; specimens of the 
former from near Comitan, Finca Esperanza, and Las Margaritas, 
Chiapas, show no indication of intergradation of mensural character- 
istics, and clearly are referable to pueblensis on the basis of their 
relatively pale dorsal coloration and small size. Intergradation with 
orophila, however, is more clearly demonstrated by specimens at 
hand; specimens referred to crophila from western El Salvador and 
Honduras are as dark as tropicalis but are conspicuously smaller, 
thus distinction between these subspecies, at least with specimens 
presently available, can readily be made in almost every instance 
solely on the basis of standard external measurements. 

Four specimens (UMMZ 63008-11) from Mountain Pine Ridge, 
British Honduras, provisionally referred herein to tropicalis are paler 
and slightly smaller than typical specimens from Guatemala. Their 
external and cranial dimensions approach those that would be ex- 
pected of intergrades between tropicalis and orophila (although 
more closely resembling the former), whereas the color of pelage is 
paler than in either of those taxa and resembles that of pueblensis. 
Assignment to tropicalis is based on similarity of cranial dimensions 
and on geographic grounds; acquisition and study of additional 
specimens may reveal either that populations from damp, forested 
regions of the Yucatan Peninsula comprise an unnamed subspecies 
or that a gradual cline of decreasing size and pelage pigmentation 
extends from the mountains of southern Guatemala northward onto 
the Yucatan Peninsula. 

Specimens examined.—24, as follows: CHIAPAS: La Libertad, ca. 3640 
ft., 2 (UNAM); Unidén Juarez, ca. 4000 ft, 1 (UNAM). BRITISH HON- 


DURAS: Mountain Pine Ridge, 12 mi. (by road) S Cayo, 1000 ft., 4 (UMMZ). 
GUATEMALA: Coban, ca. 4400 ft., 7 (BMNH); La Primavera, 3200 ft., 1 
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(AMNH); Finca La Paz, ca. 4900 ft., 2 (UMMZ); Panajachel, 4900 ft., 7 
(AMNH). 


Cryptotis nigrescens 
(Synonymy under subspecies ) 


Distribution.—One population apparently isolated in the Balsas Basin in 
north-central Guerrero. Otherwise, occurs throughout tropical lowlands on the 
Yucatan Peninsula, but at progressively higher elevations at lower latitudes on 
the Mesa Central in Chiapas at least as far west as Las Margaritas, on highlands 
of Guatemala, E] Salvador, and western Honduras, on the Cordillera de Guana- 
caste, Cordillera Central, and Cordillera de Talamanca in Costa Rica, in the 
Chiriqui region of Panama, and on the highlands of Darién, Panama (Fig. 15); 
possibly also occurs on the highlands of north-central Nicaragua. 


Diagnosis.—External characteristics: size small to medium for the genus 
(Table 1); tail relatively short, averaging 37-41 per cent of length of head and 
body; front feet and claws small; juvenal and adult summer pelages often 
practically indistinguishable, overall appearance “salt-and-pepper” gray; adult 
winter pelage distinctive, almost never luxuriant although a few vermiculations 
sometimes present, not unilke summer pelage of other species in physical char- 
acteristics of individual hairs, overall appearance “salt-and-pepper’ brown or 
brownish black (precise color determinations are given in accounts of sub- 
species ). 

Cranial characteristics: rostrum relatively short; braincase not especially 
angular; anterior limit of zygomatic plate varying from slightly anterior to 
mesostyle of M1 to slightly posterior of that point; posterior limit of zygomatic 
plate usually at level of, or posterior to, maxillary process, and above or slightly 
anterior to M3; dentition decidedly bulbous; anterior element of ectoloph of M1 
not reduced relative to posterior element; posterior surfaces of P4-M2 not at all 
recessed; protoconal basin of MI not reduced relative to hypoconal basin; M3 
consisting only of paracrista and precentrocrista; talonid of m3 elongate and 
unspecialized, but consisting only of hypoconid. 


Comparisons.—Comparisons with C. endersi, C. gracilis, C. goodwini, and 
C. parva are given in the accounts of those species. 

From C. mexicana, C. nigrescens differs as follows: pelage paler (in region 
of potential sympatry ); braincase less angular; zygomatic plate situated slightly 
farther anteriorly; dentition decidedly bulbous; metacone lacking on M3; ento- 
conid never present on talonid of m3. 

From C. goldmani, C. nigrescens differs as follows: size smaller, both ex- 
ternally and cranially (Table 1); front feet and claws markedly smaller; rostrum 
relatively and actually shorter; braincase less angular; dentition decidedly 
bulbous; anterior element of ectoloph of M1 not reduced relative to posterior 
element; posterior surfaces of P4-M2 not recessed; protoconal basin of M1 not 
reduced relative to hypoconal basin. 

From C. magna, C. nigrescens differs as follows: size markedly smaller, both 
externally and cranially (Table 1); tail relatively and actually much shorter, 
averaging 37-41 (as opposed to 52) per cent of length of head and body; 
braincase less angular; anterior element of ectoloph not reduced relative to pos- 
terior element (slightly reduced in magna); talonid of m3 consisting only of 
hypoconid (consisting of hypoconid and well-developed entoconid in magna). 
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500 miles 


Fic. 15. Geographic distribution of Cryptotis nigrescens. Solid circles, C. 

nigrescens mayensis; open circles, C. nigrescens merriami (open square, un- 

verified literature record for C. nigrescens merriami); circles half black above, 
C. nigrescens nigrescens. 


Remarks.—The most outstanding feature of C. nigrescens is its 
decidedly bulbous dentition. No other Recent species of Cryptotis, 
even those characterized by relatively bulbous teeth (magna and 
endersi), can compare with nigrescens as regards size of teeth rela- 
tive to size of skull. Robustness of dentition is geographically vari- 
able in populations of nigrescens, ranging from smallest in Panama 
and Costa Rica to largest on the Yucatan Peninsula, but even those 
individuals of nigrescens having the minimal expression of this 
characteristic can be distinguished from all other Recent species of 
the genus Cryptotis solely on the basis of their bulbous dentition. 

Although nigrescens is known from habitats that approach the 
ecological extremes exhibited by populations of parva, individual 
populations of the former appear less ubiquitous in distribution than 
those of the latter. Moreover, on the basis of numbers of specimens 
available in collections it would appear that nigrescens is less abun- 
dant in suitable habitats than is parva. However, the secretive habits 
of nigrescens may render that species relatively immune to capture 
by commonly employed trapping methods. The advent of wide- 
spread use of pitfalls as traps for shrews may result in substantial 
contributions to the knowledge of these elusive mammals. Murie 
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(1935:17) reported that “A vase found in the [Mayan] ruins of 
Uaxactin [in northern Guatemala] contained skeletal remains of one 
hundred and four of these shrews as determined by counting the 
mandibles, which were quite well preserved. The vase may have 
formed a natural trap for the shrews, or possibly they were placed 
there by the Mayas as part of some ceremony.” Likewise, remains 
of nigrescens frequently are found in owl pellets or in cave deposits 
that resulted from deterioration of owl pellets—for example, see 
records reported herein from Guerrero and from Volcén Kagchina 
and Cueva Los Llanos, Chiapas, as well as published records (Hatt, 
et al., 1953:59-60) from Yucatan. These data probably indicate that 
the paucity of wild-taken specimens does not necessarily reflect lack 
of abundance of individuals of the species in suitable habitats, but 
rather a lack of understanding of the habits and ecological require- 
ments of the species. 

The specimens of mayensis from Mayan ruins at Uaxacttin, Guate- 
mala, that were reported on by Murie (loc. cit.) were listed as 
Cryptotis micrura (Tomes), as were four shrews caught on Moun- 
tain Pine Ridge in British Honduras. I consider the latter to repre- 
sent C. parva tropicalis. 

Elevations and habitats at which specimens of nigrescens pres- 
ently available have been collected vary as follows: 75-200 feet in 
habitats ranging from arid tropical scrub forest to rainforest on the 
Yucatan Peninsula; 2100 feet in deciduous thorn scrub forest in the 
Balsas Basin of Guerrero; 4900 feet in xeric scrub oak forest inter- 
spersed with savanna on the Mesa Central of Chiapas; 3200-5400 feet 
in relatively arid, shrubby forest of pine, oak, and alder in Guate- 
mala; 3500-4000 feet in pine-oak forests in Honduras and El Salva- 
dor; 4500-9400 feet in evergreen, tropical deciduous, and oak cloud 
forests on the cordilleras of Costa Rica and Panama. 

Data on times of reproduction and molt in nigrescens are in- 
sufficient to permit interpretation, even when all populations are 
considered together. Specimens judged to be young and in juvenal 
pelage have been collected from January through March and in 
August, subadults in January, February, and August, and adults in 
May, October, and December. Specimens in winter pelage have 
been collected from December through February, whereas speci- 
mens obviously in summer pelage are known only from August. Two 
females (USNM 337968-69 ) that were obtained on Cerro Tacarcuna, 
Panama, in March of 1964, and that were judged to be young on the 
basis of unworn teeth and juvenal pelage, were recorded as “lac- 
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tating” by the collector, as was another young female (USNM 
337966) caught in February of the same year on Cerro Mali, Panama. 


Geographic variation —Meaningful analysis of geographic vari- 
ation in Cryptotis nigrescens is not possible at present owing to the 
absence of sufficient series of specimens. Thus, the following de- 
scription is based on statistical analyses of variation in only four 
samples representing the distribution of the species throughout 
Central America from the Isthmus of Tehuantepec to the Colombian 
border. 

Cryptotis nigrescens evidently does not exhibit extensive geo- 
graphic variation; analysis of variance for three measurements 
(maxillary breadth, length of maxillary toothrow, and length of M2) 
revealed no significant differences among samples. In every other 
measurement studied, however, specimens from the highlands of 
eastern Chiapas, Guatemala, Honduras, and EI Salvador (sample 2) 
averaged larger than those of each of the other samples; with regard 
to palatal length, the difference was significant, and involved little 
overlap. The basic pattern of variation of mensural characters, as 
estimated on the basis of the few specimens presently available, is 
as follows: specimens from lowlands on the Yucatan Peninsula 
(sample 1) have small external and cranial dimensions; specimens 
from the highlands of eastern Chiapas, Guatemala, Honduras, and 
El Salvador (sample 2) are relatively large; specimens from the 
cordilleras of Costa Rica and the Chiriqui region of Panama (sample 
3), as well as those from the highlands of Darién, Panama (sample 
4), have external and cranial dimensions comparable to those of 
specimens from the Yucatan Peninsula (sample 1). 

Distance coefficients (Fig. 16) derived from simultaneous con- 
sideration of all mensural characters further illustrates the linear 
geographic trend in variation. The population inhabiting the high- 
lands of Guatemala and surrounding areas (sample 2) is separated 
from the population on the Yucatan Peninsula (sample 1) by a 
distance coefficient of 1.333; likewise, the coefficient between the 
former population (sample 2) and the population (sample 3) in- 
habiting the cordilleras of Costa Rica and Panama is 1.509. In con- 
trast, the distance coefficient between the population on the Yucatan 
Peninsula (sample 1) and the population on the cordilleras (sample 
3) is only .678. The population inhabiting the cordilleras (sample 3) 
is separated from that inhabiting the highlands of Darién, Panama 
(sample 4), by a coefficient of only .587. These data clearly demon- 
strate the tendency for corresponding decrease in size at either end 
of the geographic distribution of the species. 
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Fic. 16. Semi-diagrammatic representation of geographic relationships of sam- 

ples of Cryptotis nigrescens. Localities included in numbered samples are listed 

in Methods and Materials. Distance coefficients are illustrated for all potential 

routes of gene flow; the lower the coefficient, the greater the resemblance 
(see text). 


Coloration of pelage is approximately clinal in variation, ranging 
from pale grayish brown on the Yucatan Peninsula to almost black in 
Costa Rica and Panama. The bulbous nature of the dentition appar- 
ently also is clinal, ranging from most bulbous on the Yucatan 
Peninsula to least bulbous in Costa Rica and Panama. Other cranial 
and dental characters show no clear patterns of variation in speci- 
mens presently available. 

A phenogram (Fig. 17) prepared from distance matrices demon- 
strates the variation of C. nigrescens as representing three taxonomic 
entities, as follows: specimens from the Yucatan Peninsula (sample 
1) are considered to represent one subspecies (mayensis); the two 
samples (3 and 4) from Costa Rica and Panama are practically 
indistinguishable, and are considered to represent a second sub- 
species (nigrescens); and specimens from the intervening highlands 
of northwestern Central America (sample 2) are considered to 
pertain to a third subspecies, herein described as new. 
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Fic. 17. Phenogram of numbered samples (see Fig. 16) of Cryptotis nigrescens 

computed from distance matrices on standardized characters and clustered by 

the unweighted pair-group method using arithmetic averages (UPGMA). The 

cophenetic correlation coefficient for the phenogram is 0.983. Subspecific assign- 
ment is indicated to the right of the sample numbers. 


Cryptotis nigrescens mayensis (Merriam) 


Blarina mayensis Merriam, Proc. Washington Acad. Sci., 3:559, 29 November 
1901. 

Cryptotis mayensis, Miller: Bull. U.S. Nat. Mus., 79:26, 31 December 1912; 
Hatt, Jour. Mamm., 19.334, August 1938; Hershkovitz, Fieldiana-Zool., 
Chicago Nat. Hist. Mus., 31:552, 10 July 1951; Hatt, et al., Cranbrook 
Inst. Sci. Bull., 33:59, March 1953; Hall and Kelson, The mammals of 
North America, 1:61, 31 March 1959; Alvarez and Martinez, Southwestern 
Nat., 12:205, 4 August 1967; Peterson, Jour. Mamm., 49:796, 26 November 
1968. 

Blarina mexicana, Gaumer, Monografia de los mamiferos de Yucatan, p. 249, 
1917. 

Cryptotis micrura, Murie, Misc, Publ. Mus. Zool., Univ. Michigan, 26:17, 15 
July 1935 (part); Hall and Kelson, The mammals of North America, 1:63, 31 
March 1959 (part). 


Holotype.—Subadult female, skin (adult winter pelage) and skull, U.S. 
National Museum no. 108087, obtained on 5 February 1901 by E. W. Nelson 
and E. A. Goldman, original number 14495; type locality, Chichén Itza, 
Yucatan. 


Distribution —Apparently limited to the Yucatan Peninsula except for an 
isolated population in the Balsas Basin of Guerrero (Fig. 15). 


Measurements of holotype.—Total length 102; length of tail 29; length of 
hind foot 13; condylobasal length 18.8; palatal length 8.7; maxillary breadth 6.2; 
interorbital breadth 4.3; length of maxillary toothrow 7.4; cranial breadth 9.3; 
length of M2 1.3. 


Color.—Dorsum in adult winter pelage “salt-and-pepper” grayish brown, near 
Olive-Brown or Hair Brown in specimens collected near the turn of the century; 
dorsum in adult summer pelage near Bister in specimen caught in 1929; dorsum 
in juvenal pelage speckled, bichromatic in appearance, near Chaetura Drab with 
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tips near Hair Brown in specimen obtained in 1910; venter in each pelage only 
slightly, if at all, paler than dorsum. 


Comparisons.—F rom geographically adjacent populations to the south, C. n. 
mayensis differs in having significantly smaller external and cranial dimensions 
(Table 1), paler coloration, and more bulbous dentition. From C. n. nigrescens, 
C. n. mayensis differs in having notably paler pelage and more bulbous dentition. 


Remarks.—Cryptotis nigrescens mayensis is one of the least well 
known taxa of the genus. Ten years elapsed between the original 
description of mayensis (Merriam, 1901:559), which was based on 
one specimen, and the capture of a second individual of the taxon. 
Soon thereafter, Gaumer (1917:249) recorded mayensis from 10 
scattered localities in Yucatan. Subsequent records ( Hatt, 1938:334; 
Hershkovitz, 1951:552; Hatt, et al., 1953:59; Alvarez and Martinez, 
1967:205; Peterson, 1968: 796) mostly have been based on individual 
specimens or fragmentary specimens from owl pellets or Mayan 
ruins. 

Cryptotis nigrescens mayensis is the only shrew of the genus 
known to inhabit lowlands on the Yucatan Peninsula. Considerable 
local variation occurs among specimens from the peninsula, possibly 
because of the ubiquitous distribution of the species into habitats 
ranging from grassy roadside ditches to virgin quasi-rainforest. On 
the basis of morphological characters studied, however, there is no 
reason to doubt that gene flow generally is continuous among popu- 
lations inhabiting various ecological situations, just as there is no 
reason to doubt intergradation with highland populations of the 
species to the south in Guatemala. 

One aspect of the distribution of mayensis that defies explanation 
with specimens now available is the presence of a population appar- 
ently referrable to that subspecies in the Balsas Basin of Guerrero. 
The sample available from that population consists of 24 partial 
crania that were removed from owl pellets found in a cave in the 
Canon del Zopilate, 13 kilometers south of the bridge across the Rio 
Mexcala near the village of Mexcala, at an elevation of about 2100 
feet. That locality is separated from the nearest locality of record 
for mayensis on the Yucatan Peninsula by a distance of almost 600 
miles, as well as by vast highland regions probably not suited for 
habitation by the species. Assignment of the owl pellet remains to 
mayensis necessarily is based solely on similarity of dental features 
and cranial and dental size, as the condition of preservation of the 
specimens precludes statistical analysis. Nevertheless, no differences 
whatsoever were detected by which the Guerreran shrews and those 
from the Yucatan Peninsula can be distinguished. 
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Three possible interpretations come to mind for unique dis- 
tributions exhibited by mayensis. The first is that the population 
inhabiting the Balsas Basin does not represent mayensis at all, but 
rather is similar cranially and dentally as a result of parallel adap- 
tations to analogous environmental conditions. Acquisition and 
study of complete specimens from Guerrero may reveal sufficient 
external or cranial differences to warrant description of the popu- 
lation inhabiting the Balsas Basin as a distinct subspecies. The 
second is that the subspecies is, or in Recent time was, represented 
by populations inhabiting low, arid regions ranging continuously 
from the Balsas Basin along valleys and plains across the mountains 
of Oaxaca, and finally to the Yucatan Peninsula. The third is that 
populations of the subspecies occur throughout the Balsas Basin, 
along the relatively arid Pacific coast of México southeast of the 
mouth of the Rio Balsas, thence across the isthmus to the Gulf coastal 
plains, and finally to the Yucatan Peninsula. The lack of specimens 
from intervening areas cannot be used conclusively as an argu- 
ment against any of the three alternatives because, as discussed 
above, specimens are difficult to collect and, consequently, poorly 
represented in museum collections. Moreover, specimens from ow] 
pellets obtained in the Balsas Basin are from an area that has been 
sampled at one time or another by various field parties from numer- 
ous institutions, yet no specimens excepting those from owl pellets 
thus far have been obtained. This problem therefore remains an 
enigma pending acquisition and study of complete specimens from 
Guerrero or elsewhere in southern Mexico. 

Specimens examined.—237, as follows: YUCATAN: 6 km. S Mérida, 1 (KU); 
Chichén Itza, ca. 75 ft., 7 (1 AMNH, °5 UMMZ, USNM); Actun Spukil, ca. 200 
ft. *149 (AMNH); Uxmal, *40 (INAH); Xbac, 1 (USNM); “Yucatan” (pre- 
cise locality not specified), 1 (FMNH). QUINTANA ROO: 2 km. SE Laguna 
de Chichancanab, 1 (ENCB). CAMPECHE: La Tuxpefa, 1 (USNM). 
GUERRERO: Cueva del Canon del Zopilate, 13 km. S Puente de Mexcala, ca. 
2100 ft., *24 (UNAM). BRITISH HONDURAS: Baking Pot, 2 (1 BMNH, 1 


ROM ); “Central Farm” (not plotted), 1 (BMNH). GUATEMALA: Uaxactun, 
*9 (UMMZ). 


Additional records (not plotted )—YUCATAN: “Temax, Buctzotz, Calotmul, 
Senotillo, Valladolid, Nabalam, Izamal, Tzalam, Xbac” (Gaumer, 1917:249). 


Cryptotis nigrescens merriami, new subspecies 


Holotype.—Adult female, skin (adult winter pelage ) and skull, U.S. National 
Museum no. 77050, obtained on 21 December 1895 by E. W. Nelson and E. A. 
Goldman, original number 8846; type locality, Jacaltenango, 5400 ft., Hue- 
huetenango, Guatemala. 


Distribution —Known from the Mesa Central of Chiapas as far west as Las 
Margaritas, throughout the highlands of Guatemala, Honduras, and E] Salvador 
(Fig. 15), and probably also in north-central Nicaragua. 
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Measurements of holotype.—Total length 102; length of tail 33; length of 
hind foot 13.5; condylobasal length 19.6; palatal length 8.3; maxillary breadth 
6.4; interorbital breadth 4.8; length of maxillary toothrow 6.7; cranial breadth 
9.3; length of M2 1.5. 


Diagnosis.—Size large for the species (Table 1); dorsum in adult winter 
pelage varying from Clove Brown to Bister or Sepia; dorsum in adult summer 
and juvenal pelages almost pure glossy black, darker than “Blackish Brown 
(3)”; venter in each pelage only slightly paler than dorsum although hairs tipped 
with gray or buff. 


Comparisons.—From C. n. mayensis, C. n. merriami differs in being signif- 
icantly larger, both externally and cranially (Table 1), in having darker color- 
ation of pelage, and in having less bulbous dentition, especially as regards the 
unicuspids. From C. n. nigrescens, C. n. merriami differs in being significantly 
larger in every respect (Table 1), and in averaging paler in color of pelage. 


Remarks.—Specimens herein referred to merriami have been 
reported previously as Cryptotis nigrescens by Goodwin (1942:117), 
Burt and Stirton (1961:21), and Hall and Kelson (1959:63). The 
geographic limits of the new subspecies are poorly defined because 
it is known from only 25 specimens. A specimen (not seen) from 2 
mi. NW of Apaneca, Ahuachapan, E] Salvador (Burt and Stirton, 
1961:21) is referable to merriami on geographic grounds. Although 
samples are not yet sufficiently large to permit adequate analysis of 
intra-populational variation, the magnitude of differences in mor- 
phometric and pelage characteristics between merriami and adjacent 
populations justifies, in my opinion, subspecific recognition. 

In terms of color, merriami merely represents a broad zone of 
intergradation between nigrescens and mayensis. Specimens from 
Guatemala (including the holotype of merriami) are almost inter- 
mediate in color between typical nigrescens and typical mayensis 
(possibly slightly nearer the latter), whereas the color of specimens 
of merriami from Honduras approaches that of typical nigrescens. 
In terms of size, however, intergradation is not so apparent and 
merriami seems to represent a cohesive genetic unit. Geographic 
variation in color apparently is clinal, with no distinct breaks, from 
one end of the distribution of the species to the other, but geographic 
variation in size involves two steps—from small on the Yucatan 
Peninsula to large in Chiapas, Guatemala, Honduras, and E] Sal- 
vador, then to small again in Costa Rica and Panama. 

The name merriami is used in recognition of Dr. C. Hart Mer- 
riam, who, in addition to his many other contributions to mam- 
malogy stemming largely from supervision of, and participation 
in, the activities of the Bureau of Biological Survey, was the first to 
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undertake description of variation in shrews now classified in the 
genus Cryptotis. 


Specimens examined.—25, as follows: CHIAPAS: Volcan Kagchina, ca. 4900 
ft., *6 (JDS); Cueva Los Llanos, ca. 4900 ft., *3 (JDS). GUATEMALA: 
Jacaltenango, 5400 ft., 4 (USNM); La Primavera, 3200 ft., 7 (1 AMNH, *6 
UMMZ). HONDURAS: San José, E of Llama, ca. 2400 ft., 1 (AMNH); Las 
Flores, 1 (AMNH); Montserrat Cloud Forest, near Yuscaran, 1 (MCZ). EL 
SALVADOR: Cerro Cacaquatique, 3500-4000 ft., 2 (UMMZ). 


Cryptotis nigrescens nigrescens (J. A. Allen) 


Blarina (Soriciscus) nigrescens J. A. Allen, Bull. Amer. Mus. Nat. Hist., 7:339, 
8 November 1895. 

C[ryptotis]. nigrescens, Miller, Proc. Biol. Soc. Washington, 24:222, 31 October 
1911. 

Blarina micrura, J. A. Allen, Bull. Amer. Mus. Nat. Hist., 5:238, 22 September 
1893. 

Blarina nigrescens, Merriam, N. Amer. Fauna, 10:31, 31 December 1895. 

Cryptotis merus Goldman, Smiths, Misc. Coll., 60(2):17, 20 September 1912, 
holotype from head of Rio Limén, 4500 ft., Cerro Pirre, Darién, Panama. 

Cryptotis nigrescens, Goodwin, Bull. Amer. Mus. Nat. Hist., 87:288, 31 Decem- 
ber 1946; Setzer, Jour. Washington Acad. Sci., 40:300, 15 September 1950; 
Hall and Kelson, The mammals of North America, 1:63, 31 March 1959 
(part); Handley, Checklist of the mammals of Panama, in Ectoparasites of 
Panama, p. 756, 22 November 1966. 

Cryptotis zeteki Setzer, Jour. Washington Acad. Sci., 40:299, 29 September 
1950, holotype from Cerro Punta, 6500 ft., Chiriqui, Panama; Hall and 
Kelson, The mammals of North America, 1:62, 31 March 1959. 

Cryptotis tersus Goodwin, Amer. Mus. Novit., 1677:1, 28 June 1954, holotype 
from Santa Clara, 4200 ft., Chiriqui, Panama; Hall and Kelson, The mam- 
mals of North America, 1:64, 31 March 1959. 

Cryptotis mera, Hall and Kelson, The mammals of North America, 1:61, 31 
March 1959. 

Cryptotis nigrescens mera, Handley, Checklist of the mammals of Panama, in 
Ectoparasites of Panama, p. 756, 22 November 1966. 

Cryptotis nigrescens zeteki, Handley, Checklist of the mammals of Panama, in 
Ectoparasites of Panama, p. 756, 22 November 1966. 


Holotype.—Subadult, sex unknown, skin (adult winter pelage) and skull, 
American Museum of Natural History no. 9591/7952, obtained on 5 September 
1891 by G. K. Cherrie, original number 2004; type locality, San Isidro, San 
José, Costa Rica. 


Distribution —Cloud forests on the cordilleras of Costa Rica and Panama 
(Fig. 15). 


Measurements of holotype.—Total length 87; length of tail 22; length of 
hind foot 12; condylobasal length 19.4; palatal length 8.2; maxillary breadth 
6.5; interorbital breadth 4.6; length of maxillary toothrow 7.6; cranial breadth 
9.4; length of M2 1.5. 


Color.—Dorsum in adult winter pelage distinctly blackish or charcoal, but 
with faint brownish cast darker than Bister in specimen obtained in 1891, slightly 
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redder and darker than Clove Brown in specimen caught in 1953; specimens 
from Cerro Pirre, Panama, that were collected in 1912 are slightly darker than 
those from Costa Rica, but retain the same charcoal cast; dorsum in adult 
summer pelage near Chaetura Black in a specimen taken in 1964; juvenal pelage 
indistinguishable from adult pelage except that it is slightly shorter and fuzzier 
and has less of a brownish cast; venter in each pelage only slightly paler, if at 
all, than dorsum. 


Comparisons.—From C. n. mayensis, C. n. nigrescens differs most con- 
spicuously in having darker pelage and less bulbous dentition. From C. n. 
merriami, C. n. nigrescens differs in having darker pelage and smaller external 
and cranial dimensions (Table 1). 


Remarks.—All taxa of Cryptotis that have been described from 
Panama (Goldman, 1912:17; Setzer, 1950:229; Goodwin, 1954b:1) 
excepting C. endersi Setzer are here considered as junior subjective 
synonyms of C. n. nigrescens. Handley (1966:756) recognized two 
subspecies of C. nigrescens in Panama—C. n. mera Goldman from 
Cerro Pirre in eastern Panama, and C. n. zeteki Setzer from Cerro 
Punta and Santa Clara in western Panama—but noted: “These sub- 
species are poorly differentiated from typical C. nigrescens of Costa 
Rica.” The differences in color between populations in eastern and 
western Panama are slight, as are the differences between shrews 
from Panama and those from Costa Rica, and are based on so few 
specimens that it is difficult to assess their significance. Statistical 
analyses revealed negligible variation in external and cranial dimen- 
sions among the known specimens from Costa Rica and Panama, 
and I tentatively consider the variation in color as clinal within a 
single subspecies pending acquisition and study of adequate series 
taken in the same seasons. Although intergradation between popu- 
lations of nigrescens inhabiting eastern and western Panama pres- 
ently is unlikely, the differences between the two populations are 
not nearly so marked as those that separate, say, nigrescens from 
merriami. 

Two specimens (LACM 9859-60) of nigrescens lacking locality 
data but supposedly from Costa Rica, as well as the holotype of 
C. n. nigrescens (from San Isidro, Costa Rica) and one specimen 
(KU 84365) from 4% kilometers northeast of Tilaran, Costa Rica, are 
as large cranially as the holotype and paratypes of C. n. merriami. 
Other specimens herein referred to the subspecies nigrescens, how- 
ever, are substantially smaller cranially than specimens referred to 
merriami. At present, no logical explanation for this variation can be 
offered; there is no reason to believe that more than one species is 
present, and it seems likely that local, individual, or altitudinal 
variation is involved. 
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Specimens examined.—29, as follows: COSTA RICA: 4% km. NE Tilardn, 
1 (KU); 14 mi. N San Isidro de El General, 4800 ft., 1 (UMMZ); San Isidro 
de El General, 4700 ft., 1 (AMNH); Volcan Irazti, 9400 ft., 1(AMNH); Cerro 
Tablazo, ca. 5000 ft., 1 (USNM); “Costa Rica” (precise locality not specified ), 
2 (LACM). PANAMA: Cerro Punta, 6500 ft., 2 (USNM); Rio Candela, Vol- 
can de Chiriqui, 6000 ft., 2 (AMNH); Santa Clara, 4200 ft., 11 (1 AMNH, 10 
USNM); Cerro Tacarcuna, 4800 ft., 3 (USNM); Cerro Mali, 4700 ft., 1 
(USNM); E slope Cerro Pirre, near head of Rio Limon, 4500-5000 ft., 3 
(USNM). 


Relict Species 


Three species (C. gracilis, C. endersi, and C. magna) are not 
closely related to any other Recent representatives of the genus 
Cryptotis, and are considered together as “relict species” on the basis 
of shared primitive characters. The group is one of convenience, 
probably is polyphyletic, and is employed pending acquisition of 
additional kinds of data to be used for analysis of interspecific 
relationships among the three species. 


Cryptotis gracilis Miller 


Cryptotis gracilis Miller, Proc. Biol. Soc. Washington, 24:221, 31 October 1911; 
Goodwin, Bull. Amer. Mus. Nat. Hist., 87:290, 31 December 1946; Hall and 
Kelson, The mammals of North America, 1:61, 31 March 1959. 

C[ryptotis]. orophila, Miller, Proc. Biol. Soc. Washington, 24:221, 31 October 
1911. 

Cryptotis jacksoni Goodwin, Amer. Mus. Novit., 1267:1, 10 December 1944, 
holotype from Volcan Irazi, Cartago, Costa Rica; Goodwin, Bull. Amer. 
Mus. Nat. Hist., 87:289, 31 December 1946; Hall and Kelson, The mam- 
mals of North America, 1:61, 31 March 1959. 

Cryptotis orophila, Harris, Occas. Papers Mus. Zool., Univ. Michigan, 476:7, 8 
October 1947. 


Holotype.—Subadult, sex unknown, skin (adult winter pelage) and skull, 
U.S. National Museum no. 12236/38471, obtained on an unknown date by 
W. M. Gabb (catalogued 19 November 1874); type locality, head of Rio Lari, 
near base of Pico Blanco, Limén (formerly Talamanca), Costa Rica. 


Distribution —Highlands of south-central Honduras and possibly adjacent 
Nicaragua; Cordillera Central and Cordillera de Talamanca of southeastern 
Costa Rica and western Panama (Fig. 18); probably also on the Cordillera de 
Guanacaste in northwestern Costa Rica. 


Measurements of holotype.—Condylobasal length 18.6; palatal length 7.8; 
maxillary breadth 5.6; interorbital breadth 4.1; length of maxillary toothrow 6.9; 
cranial breadth 9.3; length of M2 1.3. 


Diagnosis.—External characteristics: size medium for the genus (Table 1); 
tail elongate, averaging 52 per cent of length of head and body; front feet and 
claws smal]; all pelages distinctive; winter pelage only moderately luxuriant, 
with few vermiculations present; dorsum in juvenal pelage “salt-and-pepper” 
black (near Fuscous-Black), venter only slightly paler because of admixture of 
gray hairs with buffy tips; dorsum in summer and winter pelage “salt-and- 
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pepper” brown, varying from near Clove Brown to almost black in recently 
taken specimens (1961-67), venter only slightly paler; summer pelage differing 
from winter pelage only in being shorter and slightly less luxuriant. 

Cranial characteristics: rostrum elongate, slender; braincase almost circular 
in dorsal outline; anterior limit of zygomatic plate above metastyle or between 
mesostyle and metastyle of M1; posterior limit of zygomatic plate at level of, or 
slightly posterior to, maxillary process, and above M3 or juncture of M2 and M3; 
dentition not bulbous; anterior element of ectoloph of M1 slightly reduced rela- 
tive to posterior element; posterior surfaces of P4-M2 negligibly or only slightly 
recessed; protoconal basin of M1 slightly reduced relative to hypoconal basin; 
M3 consisting of paracrista, precentrocrista, postcentrocrista, vestigial metacrista, 
and well-developed metacone; talonid of m3 consisting of well-developed 
hypoconid and entoconid (specimen from Honduras lacks entoconid ). 


Comparisons.—Comparisons with C. endersi, C. goldmani, and C. goodwini 
are given in the accounts of those species. 

From C. nigrescens, C. gracilis differs as follows: size larger in sympatric 
populations (Table 1); tail relatively and actually longer, averaging 52 (as 
opposed to 37-41) per cent of length of head and body; pelage usually longer, 
more luxuriant; rostrum relatively and actually more elongate; anterior element 
of ectoloph of M1 slightly reduced relative to posterior element (not reduced in 
nigrescens); protoconal basin of M1 slightly reduced relative to hypoconal basin; 
dentition not bulbous; well-developed metacone present on M3 (absent in 
nigrescens); talonid of m3 consisting of both hypoconid and entoconid (except 
in specimen from Honduras ). 

From C. parva, C. gracilis differs as follows: size larger, both externally and 
cranially (Table 1); tail relatively and actually much longer, averaging 52 (as 
opposed to 29-37) per cent of length of head and body; rostrum relatively and 
actually more elongate; braincase rounded in dorsal view, as opposed to almost 
pentagonal; posterior surfaces of P4-M2 less emarginate; well-developed meta- 
cone present on M3 (usually absent in parva); talonid of m3 consisting of both 
hypoconid and entoconid (except in specimen from Honduras ). 

From C. mexicana, C. gracilis differs as follows: tail relatively and actually 
longer, averaging 52 (as opposed to 33-42) per cent of length of head and 
body; rostrum relatively and actually longer and more slender; anterior element 
of ectoloph of M1 slightly reduced relative to posterior element; protoconal basin 
of M1 slightly reduced re'ative to hypoconal basin. 

From C. magna, C. gracilis differs as follows: size markedly smaller, both 
externally and cranially (Table 1); rostrum relatively more elongate, much more 
slender; braincase less angular; protoconal basin of M1 slightly reduced relative 
to hypoconal basin; dentition not bulbous (moderately bulbous in magna); 
well-developed metacone present on M3 (metacone seldom present in magna). 


Remarks.—Cryptotis gracilis, like C. magna and C. endersi, ex- 
hibits primitive characteristics of dentition and a long tail relative 
to length of head and body. These features probably indicate lack 
of substantial change from the ancestral condition. Another promi- 
nent anatomical feature of gracilis that is shared with endersi and to 
a lesser extent with magna is the elongate rostrum. The most obvious 
assumption would be that elongation of the rostrum is a form of 
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500 miles 


Fic. 18. Geographic distribution of Cryptotis gracilis (solid circles), C. endersi 
(open circle), and C. magna (circles solid below ). 


specialization, but if one considers that evolution in blarinine shrews 
apparently has involved reduction of dental formula and _ corre- 
spondent shortening of jaws to yield a more nearly optimal arrange- 
ment of fulcrum and lever, then the alternative interpretation seems 
more tenable. In any event, the rostrum in gracilis is conspicuously 
elongate, and the teeth are not at all crowded. 

Goodwin (1944:1) described and named Cryptotis jacksoni on 
the basis of a single specimen from Volcan Irazu, Costa Rica. That 
same specimen (USNM 116649) previously had been assumed 
erroneously by Miller (1911:221) to be a topotype of Cryptotis 
orophila J. A. Allen for the purpose of comparison with three speci- 
mens of C. gracilis. The primary difference between gracilis and 
jacksoni, in which both Goodwin and Miller were in agreement (see 
also Goodwin, 1946:289), was that jacksoni had a broader skull. It 
now is apparent, however, that the breadth of the skull of the holo- 
type of jacksoni falls within the normal variation of gracilis. A series 
of 10 specimens (LSU 12641-50) of gracilis from Cerro Asuncion, 
Costa Rica, for example, includes specimens that are larger than the 
holotype of jacksoni as well as others that are almost as small as the 
holotype of gracilis (which is at the lower end of variation in size 
for Costa Rica). Furthermore, that same series encompasses the 
range of variation in color and other characteristics by which jack- 


284 UNIVERSITY OF KANSAS PUBLS., Mus. Nat. HIstT. 


soni reputedly differed from gracilis. The name jacksoni thus must 
be relegated to the status of junior subjective synonym of gracilis. 

One specimen (UMMZ 62885) from oak cloud forest at an ele- 
vation of 11,000 feet or a little higher on Cerro Las Vueltas, Costa 
Rica, originally was reported by Harris (1943:7) as Cryptotis oro- 
phila J. A. Allen. Goodwin (1946:290) correctly assigned that speci- 
men to gracilis, but listed the elevation at the site of capture as 
8000 feet. 

With the exception of a single specimen (KU 106941) from Cerro 
Uyuca, Honduras, all the localities from which specimens of gracilis 
thus far have been obtained are on the Cordillera Central of Costa 
Rica or the Cordillera de Talamanca of Costa Rica and Panama. 
The gap in distribution across Nicaragua may be of relatively Recent 
origin; on the other hand, it seems unlikely that habitat comparable 
to that inhabited by gracilis in Costa Rica ever has extended com- 
pletely across Nicaragua (see also Duellman, 1966:718). Further- 
more, the specimen from Honduras differs from typical Costa Rican 
individuals in being slightly smaller, both externally and cranially, 
and in having only one cusp (the hypoconid) as opposed to both 
hypoconid and entoconid on the talonid of m3. Acquisition and 
study of additional specimens from Honduras or the highlands of 
north-central Nicaragua may reveal a distinct subspecies of C. 
gracilis. 

Data on reproduction are scanty, but seemingly demonstrate 
reproductive activity throughout much of the year. Young indi- 
viduals in juvenal pelage have been collected in August and De- 
cember; subadults in January, March, April, June, July, and August; 
adults in all months for which specimens are available; and old 
adults only in January. Two adult males from the Cerro Punta- 
Boquete trail, Panama, one (USNM 322995) obtained on 9 February 
1962 and the other (USNM 322996) on 14 March 1961, had enlarged 
testes, and two adult males (LSU 12643 and 12645) from Cerro 
Asuncion, Costa Rica, had enlarged testes when caught on 19 Janu- 
ary 1967. An adult female (USNM 322994) that was caught on the 
Cerro Punta-Boquete trail on 8 March 1962 contained a single 
embryo that measured 8 mm. in crown-rump length. An adult fe- 
male (LSU 12650) from Cerro Asuncién had a visibly swollen right 
uterine horn when captured on 6 April 1967. Another adult female 
(LSU 12657), which was obtained on 21 July 1967 on Cerro Chirrip6, 
Costa Rica, contained four embryos. 

Information on molt, like that on reproduction, is scarce. Speci- 
mens in winter pelage have been obtained in the months of January 
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through April, specimens molting from winter to summer pelage in 
January and March, and specimens in summer pelage in April, Tune, 
July, and August. Nothing is known of the time or duration of the 
autumnal molt. 

Vegetation at the sites of capture of most of the specimens of 
gracilis presently available was oak cloud forest (generally at ele- 
vations ranging from 6500-9800 feet) or paramo (generally above 
9800 feet). Costa Rican paramo is characterized by low mean tem- 
perature (5.4-7.5°C.), high relative humidity and annual precipita- 
tion (up to 2800 mm.), and shrub vegetation including abundant 
herbs and bamboo ( Wagner, 1964:237). The specimen (KU 106941) 
from Cerro Uyuca, Honduras, was caught under a rotting log in 
pine forest. 


Specimens examined.—42, as follows: HONDURAS: W slope of Cerro 
Uyuca, 12 km. WNW E! Zamorano, ca. 5500 ft, 1 (KU). COSTA RICA: 
Hacienda E] Retiréd, Volcan Turrialba, ca. 8500 ft., 3(UMMZ); 11 km. NNE 
Heredia, 1 (UMMZ); Volcén Irazt, ca. 10,400 ft., 2 (1 UMMZ, 1 USNM); 
Finca Coliblanca, ca. 7700 ft., 2 (UMMZ); Cerro Las Vueltas, 11,000-11,300 
ft., 1 (UMMZ); N slope Cerro de la Muerte, ca. 10,940 ft., 3 (UMMZ); Cerro 
Asuncion, ca. 11,000 ft., 10 (LSU); La Piedra, ca. 10,500 ft., 6 (LSU); head 
of Rio Talari, Cerro Chirripé, ca. 11,600 ft., 8 (LSU); Cerro Estaquero, ca. 
10,000 ft., 1 (LSU); head of Rio Lari, near base of Pico Blanco, ca. 6000 ft., 
1 (USNM). PANAMA: Cerro Punta-Boquete trail, 7600 ft., 3 (USNM). 


Cryptotis endersi Setzer 


Cryptotis endersi Setzer, Jour. Washington Acad. Sci., 40:300, 29 September 
1950; Hall and Kelson, The mammals of North America, 1:60, 31 March 
1959; Handley, Checklist of the mammals of Panama, in Ectoparasites of 
Panama, p. 756, 22 November 1966. 


Holotype.—Young, sex unknown, skin (juvenal pelage) and skull, Academy 
of Natural Sciences of Philadelphia no. 20955, obtained on 24 July 1941 by R. K. 
Enders, original number 3310; type locality, Cylindro, above 4000 ft., Bocas del 
Toro, Panama. 


Distribution —Known only from type locality (Fig. 18); probably occurs in 
isolated barrens on upper Caribbean slopes of the Cordillera de Talamanca in 
western Panama and southeastern Costa Rica. 


Measurements of holotype —Total length 109; length of tail 36; length of 
hind foot 13; condylobasal length 20.4; palatal length 8.7; interorbital breadth 
4.8; length of maxillary toothrow 7.5; cranial breadth 9.9; length of M2 1.6. 


Diagnosis.—External characteristics: size medium for the genus (Table 1); 
tail elongate, 49 per cent of length of head and body; front feet and claws small; 
juvenal pelage practically indistinguishable from juvenal pelage in C. n. 
nigrescens; adult pelage unknown. 

Cranial characteristics: rostrum exceptionally elongate, broad; braincase not 
angular; anterior limit of zygomatic plate above metastyle of M1; posterior limit 
of zygomatic plate above M3; dentition bulbous; anterior element of ectoloph 
of M1 not reduced relative to posterior element; posterior surfaces of P4-M2 not 
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recessed; protoconal basin of M1 not reduced relative to hypoconal basin; M3 
consisting of paracrista, precentrocrista, vestigial postcentrocrista, and well- 
developed metacone; talonid of m3 consisting of hypoconid and entoconid, the 
latter not well developed. 


Comparisons.—Comparisons with C. magna, C mexicana, and C. goodwini 
are given in the accounts of those species. 

From C. nigrescens, C. endersi differs as follows: size larger than in potenti- 
ally sympatric populations (Table 1); tail relatively and actually longer, 49 (as 
opposed to 37-41) per cent of length of head and body; rostrum relatively and 
actually much more elongate; zygomatic plate situated slightly farther pos- 
teriorly; metacone present on M3 (never present in nigrescens); talonid of m3 
consisting of both hypoconid and entoconid. 

From C. gracilis, C. endersi differs as follows: rostrum relatively and actually 
more elongate; dentition bulbous; anterior element of ectoloph of M1 not re- 
duced relative to posterior element. 

From C. parva, C. endersi differs as follows: size larger than in potentially 
sympatric populations (Table 1); tail relatively and actually much longer, 49 
(as opposed to 29-37) per cent of length of head and body; rostrum relatively 
and actually much more elongate; dentition bulbous; anterior element of ecto- 
loph of M1 not reduced relative to posterior element; posterior surfaces of P4-M2 
not recessed; protoconal basin of M1 not reduced relative to hypoconal basin; 
well-developed metacone present on M3 (absent in parva); talonid of m3 con- 
sisting of both hypoconid and entoconid. 

From C. goldmani, C. endersi differs as follows: front feet and claws con- 
spicuously smaller; tail relatively and actually longer, 49 (as opposed to 34-40) 
per cent of length of head and body; rostrum relatively and actually much 
longer; braincase less angular; dentition bulbous; anterior element of ectoloph of 
M1 not reduced relative to posterior element; posterior surfaces of P4-M2 not 
recessed; protoconal basin of M1 not reduced relative to hypoconal basin. 


Remarks.—The holotype of endersi has a much longer rostrum 
relative to overall size of skull than any other nominal taxon of 
Cryptotis. Other external and cranial features, such as unreduced 
dentition and long tail relative to length of head and body, are 
shared with C. gracilis and C. magna. It is unlikely, however, that 
similarities among these taxa are indicative of close relationship; the 
three species probably represent an evolutionary grade rather than 
a clade. 

Considerable thought has been given the possibility that the 
single specimen of endersi could be merely an extremely aberrant 
individual of C. gracilis. Such a situation is unknown, however, for 
any other species of Cryptotis. Furthermore, of the 35 specimens of 
Cryptotis presently available from Panama, only the holotype of 
endersi was obtained on the northern slope of the cordilleras. As 
pointed out by Fairchild and Handley (1966:13) and Handley 
(1966:756), the site of capture (Cylindro, above 4000 ft.) of the 
holotype of endersi is on the northern slope of the Cordillera de 
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Talamanca, and therefore in Bocas del Toro Province rather than 
Chiriqui as originally reported (Setzer, 1950:300). The northern 
slope supports much more luxuriant vegetation than the southern 
slope because it receives substantially more rainfall (Vivé, 1964:213), 
Much of the area thus is covered with relatively undisturbed rain- 
forest, and is characterized by almost inaccessible terrain and a 
paucity of human habitation. Within the rainforest, however, are 
isolated barrens with stunted trees and sparce ground cover. Accord- 
ing to the collector, R. K. Enders, the holotype of endersi was caught 
in such a barren. Possibly the habitat is so poor in those places that 
endersi has survived as a result of reduced competition. 

On the basis of its primitive dentition, elongate rostrum, and long 
tail relative to length of head and body, endersi is considered to be 
a relict that has had a long evolutionary history distinct from other 
Recent taxa, but which probably descended from the same precursor 
as did C. gracilis. 


Specimen examined.—One, the holotype. 


Cryptotis magna (Merriam) 


Blarina magna Merriam, N. Amer. Fauna, 10:28, 31 December 1895. 

Cryptotis magna, Miller, Bull. U.S. Nat. Mus., 79:28, 31 December 1912; Hall 
and Kelson, The mammals of North America, 1:62, 31 March 1959; Musser, 
Occas. Papers Mus. Zool., Univ. Michigan, 636:6, 17 June 1964; Jones and 
Genoways, Jour, Mamm., 48:321, 20 May 1967; Goodwin, Bull. Amer. Mus. 
Nat. Hist., 141:41, 30 April 1969. 


Holotype.—Adult male, skin (adult summer pelage ) and skull, U.S. National 
Museum no. 68575, obtained on 24 July 1894 by E. W. Nelson and E. A. 
Goldman, original number 6493; type locality, Totontepec, 6800 ft., Oaxaca. 


Distribution —Apparently restricted to the Sistema Montanoso in north- 
central Oaxaca (Fig. 18), but possibly also on the Sierra Madre del Sur in 
southern or western Oaxaca. 


Measurements of holotype.—Total length 134; length of tail 42; length of 
hind foot 17; condylobasal length 23.7; palatal length 10.6; maxillary breadth 
7.6; interorbital breadth 5.7; length of maxillary toothrow 9.0; cranial breadth 
11.8; length of M2 1.9. 


Diagnosis.—External characteristics: size largest of any species of the genus 
(Table 1); tail elongate, averaging 52 per cent of length of head and body; front 
feet relatively large, but claws strongly recurved and not especially large; 
juvenal pelage unknown; adult winter and summer pelages distinctive; winter 
pelage luxuriant, vermiculations numerous, dorsum varying from Mummy Brown 
to Bister in specimens collected in 1894, venter almost as dark, but slightly paler 
because of admixture of hairs with buffy tips, dorsum Clove Brown in specimens 
collected in 1959; summer pelage not particularly luxuriant, vermiculations 
sometimes present, dorsum “salt-and-pepper” black, varying from near Fuscous- 
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Black to Chaetura Black in recently taken specimens (1964), venter slightly 
paler. 

Cranial characteristics: skull massive; rostrum elongate, broad; braincase 
angular; anterior limit of zygomatic plate above metastyle of M1; posterior limit 
of zygomatic plate at level of, or posterior to, maxillary process and above M3; 
dentition moderately bulbous; anterior element of ectoloph of M1 slightly re- 
duced relative to posterior element; posterior surfaces of P4-M2 not recessed; 
protoconal basin of M1 not reduced relative to hypoconal basin; M3 consisting 
of paracrista, precentrocrista, and postcentrocrista; talonid of m3 consisting of 
both hypoconid and entoconid. 


Comparisons.—Comparisons with C. nigrescens, C. gracilis, and C. parva 
are given in the accounts of those species. 

From C. goodwini, C. magna differs as follows: size larger, both externally 
and cranially (Table 1); tail relatively and actually longer, averaging 52 (as 
opposed to 35) per cent of length of head and body; front feet about the same 
size, but claws not so large; posterior surfaces of P4-M2 not recessed; protoconal 
basin of M1 not reduced relative to hypoconal basin; dentition moderately 
bulbous (not bulbous in goodwini); M3 much less reduced, with precentrocrista 
and postcentrocrista usually present; talonid of m3 consisting of both hypoconid 
and entoconid. 

From C. goldmani, C. magna differs in the same ways as from C. goodwini 
except as follows: difference in size even more pronounced (Table 1); talonid 
of m3 consisting of both hypoconid and well-developed entoconid, as opposed to 
usually consisting of hypoconid and vestigial entoconid in goldmani (in the 
region of sympatry ). 

From C. mexicana, C. magna differs as follows: size conspicuously larger 
(Table 1); tail relatively and actually longer, averaging 52 (as opposed to 33-42) 
per cent of length of head and body; rostrum relatively and actually more 
elongate; dentition moderately bulbous (not bulbous in C. mexicana). 

From C. endersi, C. magna differs as follows: size conspicuously larger 
(Table 1); rostrum relatively less elongate; braincase much more angular. 


Remarks.—Cryptotis magna was appropriately named, as it is 
substantially larger than other Recent representatives of the genus. 
The most conspicuous external feature of magna is its long tail, 
which averages approximately one-half as long as the combined 
length of head and body. The front feet in magna are large, but with 
claws that are more abruptly recurved and less highly developed 
and strongly supported than those of goldmani and goodwini. The 
massive skull and bulbous dentition are the most conspicuous cranial 
features. 

Judging from all available data, magna is a relict, and is only 
remotely related to any other living species. The long tail and 
primitive cranial and dental characteristics (such as the relatively 
unreduced structure of the upper and lower third molars) would 
seem to indicate that magna is the only surviving representative of 
an ancient lineage. An interpretation of the evolutionary significance 
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of the apparent relationship of magna to the extinct C. kansasensis 
is provided beyond. 

Cryptotis magna seemingly has a highly restricted distribution, 
but additional collecting may reveal that it occurs throughout suit- 
able habitat on the Sistema Montanoso in Oaxaca. Elevations and 
habitats from which specimens presently available have been col- 
lected vary from 5200-9200 feet in cool, damp, pine-oak cloud forest 
with abundant philodendrons and tree ferns on the Sierra de Juarez 
(Musser, 1964:4, 6; Jones and Genoways, 1967:320-321), to 6800-S000 
feet in dense, damp oak forest on Cerro Zempoaltepec and at Toton- 
tepec. The latter two localities are separated from the Sierra de 
Juarez by the rather abrupt drainage of the Rio Cajonos, but speci- 
mens presently available do not exhibit demonstrable geographic 
variation. 

Seven specimens (KU 99539-45), all from the vicinity of Vista 
Hermosa on the Sierra de Juarez, were caught in traps baited with 
tunafish that were set under logs or tree roots. An old adult male 
(KU 99544) had enlarged testes when caught on 25 June 1965. 

Specimens examined.—11, all from OAXACA, as follows: San Isidro, ca. 8 
mi. NE Comaltepec, ca. 7000 ft., 1 (AMNH); Vista Hermosa, ca. 5200 ft., 2 
(KU); 3% mi. SSW Vista Hermosa, 6200-7100 ft., 4 (KU); 12 mi. SSW Vista 


Hermosa, 9300 ft., 1 (KU); 12 mi. NE Llano de las Flores, 9200 ft., 1 (UMMZ); 
Totontepec, 6800 ft., 1 (USNM); Cerro Zempoaltepec, S000 ft., 1 (USNM). 


EXTINCT SPECIES OF Cryptotis AND Paracryptotis 


Three extinct species of Cryptotis and two of a closely related 
genus, Paracryptotis, are known from Pliocene and early Pleistocene 
deposits in the western and central United States. One extinct 
species of Cryptotis and one of Paracryptotis have been referred in 
the past to the closely related genus Blarina. The relationships of 
the extinct species of Cryptotis and Paracryptotis have been assessed 
in order to provide a phylogenetic basis for classification of Recent 
Middle American species of Cryptotis. 


Genus Cryptotis Pomel 
Cryptotis adamsi (Hibbard) 


Blarina adamsi Hibbard, Jour. Paleont., 27:29, January 1953. 
Cryptotis adamsi, Repenning, U.S. Geol. Surv. Prof. Paper, 565:39, 1967. 


Holotype—Left premaxillary and maxillary, including P2-M2, UMMP 
27267; from Univ. Michigan loc. UM-K1-47, Fox Canyon, sec. 35, T. 34 S, R. 
30 W, XI Ranch, Meade Co., Kansas; late Pliocene (early Blancan), Rexroad 
formation, Rexroad fauna. 


Q 


Diagnosis.—Dental formula, 1-5-1-3/1-2-3; dentition not bulbous; anterior 
limit of zygomatic plate slightly posterior to mesostyle of M1; posterior limit of 
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zygomatic plate slightly anterior to maxillary process; anterior element of ecto- 
loph of M1 reduced relative to posterior element; posterior surfaces of P4-M2 
slightly recessed; protoconal basin of M1 decidedly reduced relative to hypo- 
conal basin; talonid of m3 slightly reduced and consisting only of hypoconid. 
Hibbard (1953:29-30) provided detailed descriptions of other features of the 
holotype and paratypes. 


Comparisons.—Because adamsi originally (Hibbard, op. cit. :29) was de- 
scribed and named as a species of Blarina but later (Repenning, 1967:39) was 
transferred to Cryptotis, there is need for comparison with Recent taxa of both 
Blarina and Cryptotis as well as with extinct species of Cryptotis and Para- 
cryptotis. 

The configurations of M1 and M2 in adamsi, especially of their hypoconal 
basins, are similar to those in Recent Blarina. The upper unicuspids of adamsi, 
however, are not compressed antero-posteriorly as in Blarina, and the hypocone 
of P4 is not so highly developed. In labial view, the maxillary bone and den- 
tition of adamsi resemble those of Blarina except that the anterior element of 
the ectoloph of M1 in the former is more highly reduced relative to the posterior 
element (in this respect approximating the condition in C. parva). The anterior 
border of the zygomatic plate is situated over the mesostyle of M1 as in certain 
taxa of both Cryptotis and Blarina, but the posterior border is above the meso- 
style of M2 instead of farther posterior as in Blarina. The dentition of tropical 
and subtropical subspecies of C. parva closely resembles that of adamsi (U3-M1 
of adamsi are almost identical with those of certain specimens of C. parva 
orophila and C. p. tropicalis), although in most Recent specimens the posterior 
surfaces of P4-M2 are more strongly emarginate. Likewise, the lower molars of 
adamsi are more like those of Recent tropical or subtropical C. parva than those 
of any Recent Blarina; the talonids of the lower molars in adamsi are not so 
highly developed as in Blarina. 


Cryptotis adamsi differs from all other known taxa of Cryptotis (as well as 
Paracryptotis), extinct or Recent, in that U5 (which probably corresponds to 
P3) is retained. In other respects, the teeth of adamsi do not differ markedly 
from those of C. meadensis, except that specializations involving reduction of 
dentition characteristic of United States and northern Mexican populations of 
the parva-lineage are more pronounced in the latter. The teeth of C. adamsi 
exhibit none of the peculiar characteristics associated with development of 
robust dentition, and thus are readily distinguished from those of Paracryptotis 
rex and P. gidleyi. 


Remarks.—Hibbard (1953:29) originally assigned adamsi to 
Blarina rather than Cryptotis because of the presence of five upper 
unicuspids and of other features of dentition he thought resembled 
Blarina more than Cryptotis. Repenning (1967:39-40) transferred 
adamsi to Cryptotis, stating that adamsi differs from species assigned 
to Blarina in “. . . (1) greater anteroposterior shortening of the 
talonid of ml, (2) more posterior placement of the metaconid of m1 
relative to the position of the protoconid, (3) greater reduction of 
the heel of m3, (4) retention of a primitive blarinine mandibular 
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articulation and associated jaw structures, and (5) a rectangular 
M2.” 

Probably one reason for difficulty in establishing clear-cut criteria 
by which adamsi can be assigned to either Cryptotis or Blarina is 
that during the Hemphillian and earliest Blancan ages representa- 
tives of the genus Cryptotis were at a grade of evolution not far 
removed from Blarina. Most available evidence, in my opinion, 
supports classification of adamsi in the genus Cryptotis, but retention 
of five upper unicuspids probably indicates that adamsi stemmed 
from near the common ancestry of Blarina and Cryptotis. 

Repenning (op. cit.:40) assigned a fragmentary specimen from 
the mid-Pliocene (Hemphillian) Christmas Valley local fauna of 
Lack County, Oregon, to C. adamsi. I have not seen that specimen, 
but would not be surprised if adamsi or its precursor occurred in 
western North America during the Hemphillian. 


Specimens examined.—Holotype, paratypes, and additional material 
(UMMP) from the Rexroad fauna of Kansas. 


Cryptotis meadensis Hibbard 


Cryptotis? meadensis Hibbard, Jour. Paleont., 27:27, January 1953; Repenning, 
U.S. Geol. Surv. Prof. Paper, 565:40, 1967. 


Holotype.—Posterior part of left ramus, including p4-m3, UMMP 27266; 
from Univ. Michigan loc. UM-K1-47, Fox Canyon, sec. 35, T. 34 S, R. 30 W, 
XI Ranch, Meade Co., Kansas; late Pliocene (early Blancan), Rexroad for- 
mation, Rexroad fauna. 


Diagnosis —Dental formula unknown; dentition not bulbous; talonid of m3 
elongate, not especially reduced in length although apparently consisting only 
of hypoconid. Hibbard (1953:27-29) described the holotype (and only known 
specimen) of meadensis in detail, and compared it to Recent taxa of Cryptotis. 


Remarks.—The holotype of meadensis is practically indistin- 
guishable in size and morphological features from Recent specimens 
of C. parva, and probably was an early representative of the parva- 
lineage or the stem from which the parva-lineage diverged. The 
only conspicuously primitive dental characteristic that can be used 
to separate the holotype of meadensis from Recent specimens of 
parva is the talonid of m3; although consisting of only one cusp (the 
hypoconid ), the talonid in meadensis is long relative to the trigonid 
(as opposed to shorter in parva). The possibility exists that meaden- 
sis had five upper unicuspids, but no upper dentitions have been 
found as yet. 

Cryptotis meadensis apparently was contemporary with C. 
adamsi and Paracryptotis rex, and lived in Kansas at a time when 
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there probably existed “. . . a varied topography ranging from up- 
land grassland areas to meadow flats and timbered areas at least 
along parts of the Upper Pliocene stream valleys. There is evidence 
that the climate in the Upper Pliocene was more equable than at 
present, without extremely cold winters or severely hot summers, 
and that there was a greater degree of humidity in the region than 
there is now” (Hibbard, 1950:177). 


Specimen examined.—One, the holotype (UMMP). 


Cryptotis kansasensis Hibbard 


Cryptotis kansasensis Hibbard, Trans. Kansas Acad. Sci., 60:333, 1958; Re- 
penning, U.S. Geol. Surv. Prof. Paper, 565:40, 1967. 


Holotype.—Part of left maxillary including P4-M2, UMMP 34447; from 
Univ. Michigan loc. UM-K1-56, roadbank north of railroad along west edge of 
NW i sec. 24, T. 30 S, R. 5 W, 1% mi. S, 1 mi. E Norwich, Kingman Co., 
Kansas; early Pleistocene, Meade group. 


Diagnosis —Dental formula, 1-4-1-3/1-2-3; dentition relatively bulbous; 
anterior limit of zygomatic plate approximately above metastyle of M1; posterior 
limit of zygomatic plate above M3; anterior element of ectoloph of M1 reduced 
relative to posterior element; posterior surfaces of P4-M2 not recessed; M3 con- 
sisting of at least paracrista and precentrocrista, and possibly also postcentro- 
crista; protoconal basin of M1 almost equal in size and development to hypo- 
conal basin; talonid of m3 consisting of only one cusp, the hypoconid. Hibbard 
(1958:333-334) provided detailed descriptions of other features of the holotype 
and paratype. 


Comparisons.—As was surmised by Repenning (1967:40), the upper and 
lower dentitions and the mandible of C. kansasensis are similar to those of the 
Recent C. magna. Noteworthy differences between available specimens of 
kansasensis and magna are: M2 in kansasensis is relatively much narrower 
antero-posteriorly, and the hypoconal basin is expanded much less; the crowns 
of all teeth are considerably higher in kansasensis; the infraorbital foramen, 
although situated in about the same position, is much more deeply excavated in 
kansasensis; the talonid of m3 in kansasensis has only one cusp (as opposed to 
two in magna). 


Remarks.—The bulbous dentition and close resemblance in size 
and structure with C. magna would seem to indicate that kansasensis 
was a Blancan representative of a stem leading to the Recent C. 
magna. Because of the reduced structure of m3 and of other special- 
izations, however, it is doubtful that kansasensis was the precursor 
of magna or any other nominal taxon. 


Specimens examined.—Holotype and paratype (UMMP) from the early 
Pleistocene of Kansas. 
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Genus Paracryptotis Hibbard 
Paracryptotis rex Hibbard 


Paracryptotis rex Hibbard, Contrib. Mus. Paleont., Univ. Michigan, 8:122, 29 
June 1950; Repenning, U.S. Geol. Surv. Prof. Paper, 565:41, 1967. 


Holotype.—Anterior part of skull with complete dentition, and part of left 
ramus including ml-m3, UMMP 25172; from Univ. Michigan loc. UM-K1-47, 
Fox Canyon, XI Ranch, Meade Co., Kansas; late Pliocene (early Blancan), 
Rexroad formation, Rexroad fauna. 


Diagnosis —Dental formula, 1-4-1-3/1-2-3; dentition decidedly bulbous; 
anterior limit of zygomatic plate above parastyle of M1; posterior limit of zygo- 
matic plate above mesostyle of M2; anterior element of ectoloph of M1 reduced 
relative to posterior element; posterior surfaces of P4-M2 not at all or only 
slightly recessed; protoconal basin of M1 not reduced relative to hypoconal 
basin; talonid of m3 consisting of well-developed crescentic-shaped hypoconid 
and possibly an entoconid. Hibbard (1950:121-127) provided detailed de- 
scriptions of other features of the holotype and paratypes. 


Comparisons.—The dentition of P. rex is more robust than that of Blarina 
or of the most bulbous-toothed representatives of the genus Cryptotis. The 
upper dentition of P. rex superficially resembles that of B. brevicauda except as 
follows: P4 trapezoidal in outline rather than rectangular; posterior end of M2 
rotated farther lingually; protoconal basin of M3 much less highly developed; 
unicuspids not compressed antero-posteriorly as in Blarina (rather, unicuspids 
structurally similar to those of C. nigrescens mayensis ); crowns of teeth almost 
twice as high as in B. brevicauda; second upper unicuspid, unlike that of 
Blarina, slightly caniniform, and fourth displaced lingually so that it cannot be 
seen in labial view in most specimens; anterior element of ectoloph of M1, in 
contrast to Blarina, not especially reduced relative to posterior element; infra- 
orbital foramen much more deeply excavated than in Blarina. Additionally, 
none of the specimens of P. rex examined have incompletely fused anterior and 
posterior contributions to the mesostyles of M1 and M2, as is common in Blarina. 

The only Recent species of Cryptotis that even approaches P. rex in size, 
proportions, and other features is C. magna. The teeth in C. magna are almost 
as robust relative to overall size as in P. rex, but there is much less cingular 
development and greater expansion of the hypoconal basin in C. magna than in 
P. rex. The labial configuration of M1 in P. rex is more like that of C. magna 
than of Blarina. The metaconids of the lower molars of P. rex are situated 
posterior relative to the protoconids, as in Cryptotis, but the talonid of m3 
apparently is unreduced and Blarina-like. More extensive comparisons of P. rex 
with representatives of other genera and with P. gidleyi are provided by Hib- 
bard (1950:122-127) and Hibbard and Bjork (1970). 


Remarks.—Paracryptotis rex is one of the most distinctive repre- 
sentatives of the tribe Blarinini. Recognition at the generic level is 
justified by strict adherence to the “degree of difference” definition 
necessarily followed by most paleontologists; P. rex differs as much 
dentally and cranially from Blarina and Cryptotis as either of these 
genera differs from the other. Paracryptotis rex has more characters 
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in common with Cryptotis than with Blarina, and probably resulted 
from radiation of the blarinine stem at some time after divergence 
of Blarina. This information, together with the fact that P. rex and 
P. gidleyi differ almost as much from one another as either does 
from Cryptotis, could be used as the basis for tentative consideration 
of Paracryptotis merely as a subgenus of the genus Cryptotis. Con- 
versely, a separate genus or subgenus could be erected for gidleyi. 
It seems to me, however, that the current level of understanding of 
late Tertiary shrews is insufficient to warrant more than descriptive 
analysis, and that sweeping changes in classification should await 
accumulation and study of additional material. 

Paracryptotis rex is known from the mid-Pliocene (Hemphillian ) 
Rome fauna of Oregon, as well as from the late Pliocene (early 
Blancan) Rexroad fauna of Kansas. If the single specimen (not 
seen) from the Rome fauna that was assigned by Repenning (1967: 
41) to P. rex indeed is a Paracryptotis, then it may represent a dis- 
tinct morphological species that was the precursor of P. rex. 


Specimens examined.—Holotype, paratypes, and other material (UMMP) 
from the Rexroad fauna of Kansas. 


Paracryptotis gidleyi (Gazin) 


Blarina gidleyi Gazin, Jour. Mamm., 14:142, May 1933; Repenning, U.S. Geol. 
Surv. Prof. Paper, 565:43, 1967. 

Paracryptotis gidleyi, Hibbard and Bjork, Contrib. Mus. Paleont., Univ. Michi- 
gan (in press). 


Holotype.—Fragmentary left ramus, including ml-m3, USNM 12650; from 
T. 7 S, R. 13 E, near Hagerman, Idaho; Hagerman lake beds, late Pliocene 
(early Blancan). 


Diagnosis.—Dental formula, 1-4-1-3/1-2-3; dentition bulbous; anterior limit 
of zygomatic plate approximately above parastyle of M1; posterior limit of 
zygomatic plate between mesostyle and metastyle of M2; posterior surfaces of 
P4-M2 decidedly recessed; protoconal basin of M1 reduced relative to hypoconal 
basin; talonid of m3 consisting of both hypoconid and entoconid. Gazin 
(1933:142-144) described additional features of the holotype, and Hibbard and 
Bjork (1970) have studied material subsequently collected. 


Comparisons.—Comparisons with other genera, as well as reasons for assign- 
ing gidleyi to Paracryptotis, were given by Hibbard and Bjork (op. cit.). Ex- 
cepting minor structural differences in the coronoid process, the mandible of 
gidleyi matches that of Cryptotis magna. The positioning of the metaconids on 
molars of gidleyi is the same as in Cryptotis; they are situated farther posterior 
relative to the protoconids than in Blarina. The upper molariform teeth resemble 
those of C. parva in degree of posterior emargination and development of hypo- 
conal basin. As in C. adamsi and P. rex, the maxillary process is situated well 
anterior to the mesastyle of M2. The infraorbital foramen is located above the 
parastyle of M1 and extends anterior as far as the metacone of P4, where it 
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forms a noticeable indentation in the maxillary; the posterior border is situated 
between the mesostyle and metastyle of M2 about as in C. parva. 


Remarks.—Almost as many reasons could be given for assigning 
gidleyi to Cryptotis as have been listed by Hibbard and Bjork (op. 
cit.) for assignment to Paracryptotis. Judging from its specialized 
dentition, gidleyi did not give rise to any other nominal taxa and 
may represent a lineage derived from near the origin of Paracryptotis 
from the blarinine stem. Paracryptotis gidleyi is known only from 
the late Pliocene (early Blancan) Hagerman fauna of Idaho. 

Specimens examined.—Approximately 20 specimens (UMMP) from the 
Hagerman fauna of Idaho. 

PHYLOGENY AND ZOOGEOGRAPHY 
Phylogenetic Patterns 


In his review of the Soricidae, Repenning (1967) recognized 
five subfamilies: the Heterosoricinae, Limnoecinae, and Allosoricinae 
(including only extinct genera known from the middle to late 
Tertiary), and the Crocidurinae and Soricinae (including both ex- 
tinct and extant genera). The Soricinae was subdivided further into 
three tribes: the Blarinini, Soricini, and Neomyini. Available paleon- 
tological evidence suggests that of the three only the Blarinini is 
autochthonous to the New World; the earliest known representative 
of the Blarinini, Adeloblarina berklandi Repenning from the late 
Miocene (late Barstovian?) of Oregon, reputedly was not far re- 
moved from the basic stock of the Soricinae (Repenning, op. cit.:62). 

The geological time period during which divergence of Blarina 
and Cryptotis occurred thus far has not been documented. The 
transfer of Blarina adamsi Hibbard to Cryptotis by Repenning (op. 
cit.:39) and of B. gidleyi Gazin to Paracryptotis by Hibbard and 
Bjork (1970) effectively eliminated the fossil record of Blarina prior 
to the Pleistocene, but certain characteristics of Pleistocene and 
Recent representatives of Blarina, such as retention of P3 and antero- 
posterior compression of unicuspids, suggest that divergence prob- 
ably occurred prior to the time of deposition of the Rexroad and 
Hagerman faunas in the Pliocene. 

One factor that may have been involved in divergence of Cryp- 
totis and Blarina was resolution of a functional problem associated 
with feeding. The long rostra and jaws characteristic of shrews are 
not especially well adapted for mastication of hard foods because 
of the posterior placement of the fulcrum (jaw articulation). Func- 
tional problems associated with utilization of a variety of hard foods 
presumably were greater in early blarinine shrews than in their 
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living counterparts because of the primitive, distal placement of the 
articulation and relatively unspecialized features of the jaws and 
skull. Modifications of the primitive morphological scheme that un- 
doubtedly have contributed to more efficient utilization of foods 
include: fusion of cranial sutures and replacement of cancellous 
bone with compact bone to provide a more nearly rigid ingestive 
apparatus; elimination of zygomatic arches, posterior relocation of 
maxillary processes and associated musculature, reduction and modi- 
fication of the masseteric musculature, and development of paired 
articular facets and an internal temporal fossa on the dentary, all of 
which interact to permit increased speed and force in mastication; 
separation of the paired articular facets and concomitant anterior 
displacement of the ventral facet to provide more nearly optimal 
placement of the fulcrum; and shortening of the rostrum and jaws to 
decrease the length of the lever (in part from Gaughran, 1954). 

Selection for decrease in length of jaws seemingly was correlated 
with selection for decrease in length of upper and lower toothrows. 
So far as the upper toothrows of shrews of the tribe Blarinini are 
concerned, shortening of functional masticatory surfaces has been 
facilitated principally in one or the other of two ways: antero- 
posterior compression of three of the five unicuspids (as in Blarina); 
or reduction in number of unicuspids (as in Cryptotis and Para- 
cryptotis). Both adaptations evidently have proved successful, but 
in Recent Blarina there is also a tendency for reduction of number 
of unicuspids (see Choate, 1968). It should be noted that Recent 
shrews of the genus Blarina possess venomous salivary glands ( Pear- 
son, 1942 and 1950), but studies on other genera, including Cryp- 
totis, thus far have not been sufficient to permit interpretation of the 
possible relationship of this adaptation to feeding or phylogeny. 

Judging from the close relationship of Cryptotis to Paracryptotis, 
divergence of Paracryptotis probably took place after divergence of 
Blarina. Paracryptotis may have been the first, and most extreme, of 
several parallel experiments in development of bulbous teeth. Infor- 
mation as to the adaptive significance of bulbous teeth is not suffi- 
cient to permit speculation on the recurrent parallel evolution of this 
peculiar characteristic in several different lineages. 

The known genera of the Blarinini, therefore, probably were 
established by late in the Tertiary, and divergence of lineages ante- 
cedent to living taxa accordingly occurred early. All known Pleisto- 
cene and Recent species of the genus Cryptotis can be classified as 
representatives of one or another of four such lineages: the parva- 
group, mexicana-group, thomasi-group, and a group of Middle 
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Fic. 19. Possible phylogenetic relationships of the genera Cryptotis, Para- 
cryptotis, and Blarina, of extinct species of those genera, and of species-groups 
of the genus Cryptotis. 


American relicts. I realize that species-groups have no formal taxo- 
nomic significance, but prefer use of those categories as a convenient 
method of emphasizing relationships without necessitating proposal 
of additional nomenclatorial categories, such as subgenera. 


Centers of Origin and Dispersal 


The earliest records of blarinine shrews are from the north- 
western United States. By late in the Pliocene, radiation of several 
taxa of Cryptotis and Paracryptotis had taken place (Fig. 19), and 
by that time at least four species were present on the southern Great 
Plains. Recent zoogeographic patterns indicate that most subsequent 
radiation in Cryptotis occurred in southern México. 

In the absence of an adequate fossil record for Middle American 
mammals, the hypothesis that southern México was the center of 
origin and dispersal of most Recent taxa of Cryptotis necessarily is 
based on the following observations: (1) the greatest number of 
species are represented in southern México; (2) the most highly 
specialized species occur there; and (3) subspecies are better differ- 
entiated there than in other parts of the range (criteria modified 
from Hooper, 1952:200). Of the three Recent species (mexicana, 


parva-group relicts thomasi - group mexicana - group 


adamsi ? rex? 
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goldmani, and parva) of Cryptotis with extensive distributions in 
Mexico, only mexicana conforms to a fourth frequently quoted cri- 
terion—it is represented by greater specialization in the geographic 
area (southern México) suggested to have been its center of origin 
than in other parts of its range. In both goldmani and parva, on the 
other hand, the most highly specialized dental and cranial character- 
istics are found in populations located farther to the north, on the 
Cordillera Volcanica and in the United States, respectively. The one 
Middle American species (nigrescens) with an extensive distribution 
in Central America exhibits much greater specialization in southern- 
most México than farther to the south. 

Further analysis of zoogeographic relationships shows that all of 
the Recent species of Cryptotis belong to one or the other of two 
geographic assemblages: those species (magna, mexicana, goldmani, 
and parva) that underwent radiation and dispersal primarily west of 
the Isthmus of Tehuantepec; and those species (gracilis, endersi, 
goodwini, nigrescens, and the thomasi-group) that underwent radi- 
ation and dispersal primarily east of the isthmus. Every representa- 
tive of the former assemblage except magna secondarily has invaded 
niches east of the isthmus, whereas of the latter category only 
nigrescens has become established secondarily west of the isthmus. 
One or more species ancestral to the thomasi-group successfully 
emigrated to South America, where diversity of habitats on the 
Andes and apparent lack of substantial competition permitted rapid 
radiation of phenetically distinct taxa. 

The two geographic associations do not correspond to the species- 
groups previously listed; rather, the associations subdivide the 
groups, and thereby provide clues concerning factors that probably 
influenced divergence of the species that comprise them. Within the 
parva-group, one species (parva) owes the majority of its diversity to 
radiation west of the isthmus, whereas the other species (nigrescens) 
undoubtedly underwent most of its evolution east of the isthmus. 
Within the mexicana-group, two species (mexicana and goldmani) 
are considered western in origin, whereas the third (goodwini) ap- 
parently evolved east of the isthmus. Of the so-called relicts, magna 
probably is autochthonous to cloud forests west of the isthmus, 
whereas gracilis and endersi are strictly eastern in origin. These 
facts lead to the premise that the Isthmus of Tehuantepec has had 
an influential effect on the diversity and interrelationships of Recent 
species of Cryptotis. 

Of the four species-groups recognized herein, two (the parva- 
group and the group of relicts) are too poorly known ecologically 


MippLe AMERICAN SHREWS 299 


and phylogenetically to justify more than a few comments regarding 
interrelationships of the included species. The affinities of the taxa 
that comprise the thomasi-group will be discussed in a forthcoming 
review of the systematics of that group. The mexicana-group will be 
discussed in considerable detail in a separate section beyond. 

The three Recent species (endersi, gracilis, and magna) of Cryp- 
totis that are termed herein as “relicts” may not represent a hier- 
archical group. They are classified together solely on the basis of 
shared primitive characteristics, including elongate tail and rostrum 
and primitive dental configurations. Two (endersi and gracilis) of 
the three species evidently originated in Central America, possibly 
from a common ancestor, whereas the third (magna) has northern 
affinities. It is noteworthy in this respect that C. kansasensis, from 
the early Pleistocene of Kansas, apparently was related to magna, 
but was more advanced dentally. This serves to emphasize the 
appropriateness of the term “relict species.” 

The geographic and ecologic distributions of the three relict 
species are highly restricted. Cryptotis magna apparently is autoch- 
thonous to cool, damp, virgin cloud forests on the Sistema Mon- 
tanoso in Oaxaca. Cryptotis endersi is known only from a soggy 
barren with stunted trees and sparse ground cover on the upper 
northern slope of the Cordillera de Talamanca in Panama. Cryptotis 
gracilis occurs primarily in paramo vegetation in Costa Rica and 
Panama, but also inhabits oak cloud forests at lower elevations, and 
is known from pine cloud forest in Honduras. C. gracilis is the least 
specialized dentally of the three and exhibits no tendency for de- 
velopment of characters associated with bulbosity. Restriction of 
suitable habitat associated with climatic changes at the termination 
of glaciation apparently resulted in isolation of a population of 
gracilis in Honduras, but permitted secondary utilization of paramo 
vegetation in Costa Rica and western Panama. 

The two Recent species (parva and nigrescens) and one extinct 
species (meadensis) of the parva-group are characterized by reduced 
dental configurations relative to those of most other extant species. 
This may indicate that divergence of the parva-group from other 
lineages preceded the origin of meadensis, and thus occurred as 
early as late or middle Pliocene (Fig. 19). Dental features reminis- 
cent of those of the parva-group were well established in C. adamsi 
by the late Pliocene, even though adamsi was not far removed 
morphologically from the divergence of Blarina and Cryptotis and 
probably represented a distinct, terminal lineage. Dental features of 
C. meadensis, from the late Pliocene, are almost indistinguishable 
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from those of Recent parva, this possibly indicating that adaptations 
and specializations peculiar to parva already were at an advanced 
stage of development. 

The ancestral species of the parva-group probably occurred in 
mesic grasslands of central and southern regions of the United States 
and Mexico. Cryptotis parva is known from various Pleistocene 
faunas in the United States, but none provides clues concerning di- 
vergence of parva and nigrescens because radiation of those species 
probably already had occurred in southern México. The Isthmus of 
Tehuantepec seemingly was involved in at least some remote way 
in divergence of the two species; possibly nigrescens or its precursor 
emigrated across the isthmus and eventually became established in 
montane habitats, whereas parva remained west of the isthmus in 
grassland habitats. Adaptations by nigrescens for lowland habitats 
probably are secondary, as are adaptations by parva for montane 
habitats. The two species presently are at least partially sympatric 
throughout much of Central America, and occasionally are taken 
together in the same trapline. 


Radiation of the mexicana-group 


The fossil record provides no clues as to the time or place of 
origin of the mexicana-group (Fig. 19), but it is assumed that the 
group originated in southern México where little is known of 
Pleistocene or pre-Pleistocene mammalian micro-faunas. The only 
known fossils that pertain to the mexicana-group are 22 rami tenta- 
tively referred to C. mexicana obscura from a late Pleistocene (prob- 
ably interglacial) deposit in San Josecito Cave, near Aramberri, 
Nuevo Leon (Findley, 1953). Perusal of zoogeographic patterns of 
the three Recent species (mexicana, goldmani, and goodwini), how- 
ever, has shown that divergence can be explained in terms of modi- 
fications of distributional patterns resulting from a fluctuating 
climate. 

Cryptotis mexicana occurs primarily in humid pine-oak forests 
and in cloud forests on the Sierra Madre Oriental, on both the 
Sistema Montanoso and Sierra Madre del Sur in Oaxaca, and on the 
Mesa Central in Chiapas (Fig. 6). Cryptotis goldmani occurs pri- 
marily in fir forests in which there is abundant sacaton grass, and at 
lower elevations extends into cloud forests, on the Cordillera Vol- 
canica, the Sierra Madre del Sur, the Sistema Montanoso, across the 
Isthmus of Tehuantepec onto the Mesa Central, and on the highlands 
of western Guatemala (Fig. 9). Cryptotis goodwini apparently is 
restricted primarily to virgin pine-oak forests and cloud forests on 
the highlands of Guatemala and El Salvador (Fig. 6). C. goodwini 
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and C. goldmani are potentially sympatric, although they have never 
been taken together, in Guatemala; C. goldmani and C. mexicana 
are geographically sympatric throughout much of Oaxaca and occa- 
sionally are obtained at the same locality, although more frequently 
only one or the other species is caught in a given ecological situation. 

Of the three species, mexicana is by far the most primitive, ex- 
hibiting few specializations of dentition and no obvious adaptations 
for a semi-fossorial mode of existence. Furthermore, mexicana ap- 
parently is the most ubiquitous of the three as regards habitat 
preference. Cryptotis goodwini is the most highly specialized of the 
three, having reduced dental configurations and pronounced external 
morphological adaptations to facilitate semi-fossorial habits. Accord- 
ingly, goodwini apparently has more restricted habitat preferences 
than either of the other species. Cryptotis goldmani is less special- 
ized dentally than goodwini, but is equally as specialized with re- 
spect to external adaptations for a semi-fossorial mode of existence. 

In Oaxaca, where goldmani and mexicana are sympatric, mexi- 
cana is represented by two subspecies. One of those (C. m. mexicana, 
on the Sistema Montafioso ) is easily distinguished from goldmani by 
its relatively small size and unspecialized dental characteristics. The 
other subspecies (C. m. peregrina, on the Sierra Madre del Sur), 
however, is larger and exhibits external, cranial, and dental features 
that approach what might be expected of a population intergrading 
with goldmani. Likewise, Oaxacan populations of goldmani are less 
specialized with respect to dentition than those in other parts of the 
range of the species, and tend to resemble Oaxacan populations of 
mexicana. Wherever the two species have been collected in close 
proximity in the same ecological situation, however, specimens can 
be assigned to one or the other species with relative ease. In fact, 
noticeable character displacement occurs, and the two species can 
be distinguished readily on the basis of external features: specimens 
of mexicana have dark gray (almost black) dorsal pelage, whereas 
those of goldmani have relatively pale, distinctly brownish gray 
dorsal pelage; the ventral pelage of mexicana is only slightly paler 
than the dorsal pelage, whereas the ventral pelage of goldmani is 
pale drab brown (almost white in bright light); the front feet and 
claws of mexicana are less than half as large as those of goldmani, 
and tend to be black as opposed to unpigmented in goldmani. Dis- 
placement of cranial and dental characters is not so pronounced, but 
it is less difficult to separate crania of the two species where they 
occur together than from places where the two are separated 
ecologically. 
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Ecological separation apparently is related to habitat and ele- 
vation; in the vicinity of San Miguel Suchixtepec, specimens of 
mexicana have been examined from localities on the southern slope 
of the Sierra Madre del Sur at elevations ranging from 4275 to almost 
7500 feet, whereas specimens of goldmani were taken there at ele- 
vations ranging from about 7400 to more than 9000 feet. In certain 
situations, however, the preferred habitats interdigitate in some 
imperceptible manner. For example, 24 specimens of mexicana and 
five specimens of goldmani have been examined from similar habitats 
at elevations ranging from 8000 to 10,500 feet on Cerro Zempoal- 
tepec. 

Perusal of the interrelationships of mexicana and goldmani in 
their region of sympatry has led me to consider those species as 
relatively recently divergent siblings, and has permitted formulation 
of a simple hypothesis pertaining to past events that may have in- 
fluenced the present zoogeographic patterns of the representatives 
of the mexicana-group. 

Evidence accumulated in this study indicates that the highlands 
of Oaxaca represent the center of radiation of the Recent species of 
the mexicana-group. At some time in the past a single species differ- 
ing little, if at all, from Recent mexicana probably occurred through- 
out the forested highlands of southern and eastern México and 
Guatemala (Fig. 20A). An increase in aridity beyond that which 
exists today on the Isthmus of Tehuantepec would have isolated the 
precursor of goodwini on the mountains of Chiapas and Guatemala, 
thereby restricting mexicana or its precursor to mesic regions on the 
mountains of southern México (Fig. 20B). Further increase in 
aridity would have eliminated gene flow across the already relatively 
arid highlands of central Oaxaca, effecting isolation of the precursor 
of goldmani on the Sierra Madre del Sur and restricting mexicana to 
the Sierra Madre Oriental and the Sistema Montanoso (Fig. 20C). 
Because of differences in vegetation and topography, the break in 
gene flow across central Oaxaca probably would not have been so 
complete as that across the isthmus, with the result that fluctuations 
in climate such as those that occurred during the Pleistocene could 
have permitted intermittent genetic exchange between the two in- 
cipient species, mexicana and goldmani, but probably did not permit 
gene flow with the isolated goodwini. This would account for lack 
of gross morphological divergence between mexicana and goldmani 
as compared with that between either of those species and goodwini. 
During periods of partial sympatry of mexicana and goldmani, and 
possibly even at the present time, occasional hybridization with 
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selection against resulting hybrids hypothetically would reinforce 
the observed character displacement, which seemingly represents a 
primary isolating mechanism in the absence of ecological separation. 
Whatever the case, the three Recent species of the mexicana-group 
apparently underwent sufficient ecological specialization, and mor- 
phological divergence associated with that specialization, that they 
behave as biological species now that sympatry again has been 
achieved (Fig. 20D). 


SUMMARY 


A systematic review of Middle American representatives of the 
genus Cryptotis, based on examination of about 2200 specimens 
representing 34 nominal taxa, revealed eight recognizable species in 
that region. Biometrical analyses of intra- and inter-populational 
variation demonstrated that four of those species (gracilis, endersi, 
magna, and goodwini) exhibit no appreciable geographic variation 
and are monotypic, whereas the other four (mexicana, goldmani, 
parva, and nigrescens) are polytypic. Clinal geographic variation 
was described, but was not recognized nomenclatorially except when 
pronounced breaks in clines corresponded geographically or eco- 
logically to apparent breaks in gene flow among populations. 

The first of the four polytypic species, C. mexicana, was inter- 
preted to consist of four well-differentiated subspecies: C. m. ob- 
scura, which occurs primarily in upper humid tropical forests at 
middle elevations on the Sierra Madre Oriental from southern 
Tamaulipas to northern Puebla; C. m. mexicana, which occurs pri- 
marily in cloud forests at middle elevations on the Sierra Madre 
Oriental, Sistema Montanoso, and across the Isthmus of Tehuantepec 
on the Mesa Central of Chiapas; C. m. nelsoni, which is known only 
from upper humid tropical forest at middle elevations on Volcan 
San Martin in southern Veracruz; and C. m. peregrina, which occurs 
primarily in cloud forests on the Sierra Madre del Sur in Oaxaca. 

Cryptotis goldmani was interpreted to consist of two subspecies, 
C. g. alticola, which occurs at high elevations in fir forests on the 
Cordillera Volcanica, and C. g. goldmani, which occurs in similar 
habitats, but also ranges down into cloud forests, on the Sierra 
Madre del Sur, Sistema Montanoso, across the Isthmus of Tehuan- 
tepec onto the Mesa Central of Chiapas, and on the highlands of 
western Guatemala. 

Middle American populations of C. parva were interpreted as 
pertaining to one or another of five distinctive subspecies: C. p. 
berlandieri, which occurs at low or middle elevations in mesic 
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Fic. 20. Possible events resulting in speciation in the Cryptotis mexicana-group. 

A—Hypothetical distribution of Cryptotis mexicana or its precursor at some time 

during the Pleistocene. B—Increased aridity on the Isthmus of Tehuantepec 
isolates precursor of goodwini east of the isthmus. 
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Fic. 20 (continued). C—Further increase in aridity eliminates gene flow across 

central Oaxaca, restricting mexicana to the Sierra Madre Oriental and Sistema 

Montanoso, and isolating the precursor of goldmani on the Sierra Madre del 

Sur. D—Distribution of mexicana, goldmani, and goodwini at present, showing 
zones of geographic sympatry (see text). 
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habitats within otherwise arid regions of southernmost Texas and 
northeastern, central, and western México primarily north of the 
Cordillera Volcanica; C. p. soricina, which is known only from mesic 
habitats in the Valley of Mexico; C. p. pueblensis, which occurs in 
habitats ranging from mesic grassland to cloud forest at middle 
elevations on mountains of eastern and southern México; C. p. 
tropicalis, which occurs in damp, tropical vegetation or pine-oak 
forests at middle elevations on highlands of easternmost Chiapas, 
Guatemala, and British Honduras; and C. p. orophila, which occurs 
primarily at middle elevations in grassy Ilanos, tropical vegetation, 
and cloud forests throughout the remainder of Central America as 
far south as western Panama. 

Cryptotis nigrescens was interpreted to consist of three well- 
differentiated subspecies: C. n. mayensis, which occurs at low ele- 
vations in habitats ranging from xeric scrub forest and grassy llanos 
to quasi-rainforest on the Yucatan Peninsula, and also is known from 
owl-pellet material collected in the Balsas Basin in Guerrero; C. n. 
merriami, which occurs primarily at middle elevations in cloud 
forests and pine-oak forests in northern Central America; and C. n. 
nigrescens, which occurs in habitats ranging from mid-elevation 
cloud forests up to the upper limit of forest vegetation in Costa Rica 
and Panama. 

Specimens of each of the late Pliocene taxa that have been 
referred to the tribe Blarinini of the subfamily Soricinae were ex- 
amined, and their apparent relationships to extinct and extant species 
of Cryptotis were assessed. On the basis of information available 
from study of fossils and from assessment of apparent phenetic re- 
lationships, all Pleistocene and Recent species of Cryptotis pertain 
to one or another of four species-groups: the parva-group (including 
parva and nigrescens), the mexicana-group (including mexicana, 
goldmani, and goodwini), the thomasi-group (including all South 
American representatives of the genus), and a group of relict species 
(gracilis, endersi, and magna). In terms of zoogeographic affinities, 
these species-groups were subdivided into two geographic associ- 
ations—those species (magna, mexicana, goldmani, and parva) that 
evolved and radiated primarily west of the Isthmus of Tehuantepec, 
and those species (gracilis, endersi, goodwini, nigrescens, and the 
thomasi-group) that evolved and radiated primarily east of the 
isthmus. The premise is set forth that climatic fluctuations and asso- 
ciated vegetative succession on the Isthmus of Tehuantepec has been 
an important factor in divergence of several species of Cryptotis, 
especially those of the mexicana-group. 
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GAZETTEER 


The following names of places and geographic or topographic features are 
those to which reference is made in this report. The spellings and coordinates 
given for localities were drawn from several sources: The American Geographic 
Society’s “Map of Hispanic America... ,” scale 1:1,000,000, and its accom- 
panying Index (1944); the Atlas Geografico de Ja Republica Mexicana, scale 
1:500,000; pertinent gazetteers of the U.S. Board on Geographic Names; a 
collection of maps entitled “Caminos de México,” published by Compania 
Hulera Euzkadi, S. A., third edition (1967); and various local road maps. When 
two or more maps disagreed as to spelling, the name judged to be in most 
common usage was listed. Names in brackets refer to other names or spellings 
frequently encountered in the literature or on maps. Latitude north of the 
equator and longitude west of Greenwich are provided for most localities; in 
several instances the coordinates given are indicated as only approximate, but 
represent my best estimate on the basis of information available. The sequence 
of countries, of states within México, and of localities within Mexican states and 
Central American countries is alphabetical. The appropriate departamento is 
listed for each locality in Central American countries; boundaries of several of 
those departamentos differ from one map to the next, but those designated 
herein were taken from the most recent maps available to me. 

Two topographic features not listed below but mentioned in accounts require 
additional comment. First, the name “Sistema Montanoso” is an abbreviation 
for the more cumbersome “Sistema Montanoso Oaxaqueno-Poblano,” as shown 
on several of the maps of “Caminos de México” (see above). The Sistema 
Montanoso is the portion of the Sierra Madre Oriental that extends southeast- 
ward beyond the Cordillera Volcanica across northeastern Oaxaca as far as the 
Isthmus of Tehauntepec. Most maps erroneously include that range of moun- 
tains in the Sierra Madre del Sur. Secondly, “Sierra de Xucaneb” refers to the 
highlands of central Alta Verapaz, Guatemala (Stewart, 1950:5). 


British HONDURAS 
Baking Pot, Cayo.—17° 12’, 89° Ol’. 
Cayo, Cayo.—17° 00’, 89° 00’. 


Costa RIcA 
Cartago, Cartago.—9° 51’, 83° 55’. 
Cerro Asuncion, Cartago.—Approximately 9° 01’, 83° 45’. 
Cerro Chirripé, San José.—9° 29’, 83° 30’. 
Cerro de la Muerte [Cerro Buenavista], Cartago.—9° 03’, 83° 45’. 
Cerro Estaquero, San José.—Approximately 9° 27’, 83° 30’. 
Cerro Las Vueltas, Cartago.—9° 37’, 83° 52’. 
Cerro Tablazo, San José.—9° 49’, 84° OI’. 
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Cinchona, Alajuela—Approximately 10° 18’, 84° 11’. 

El] Muneco, San José.—9° 47’, 83° 54’. 

Estrella, Cartago.—9° 52’, 84° 03’. 

Finca Coliblanca, Cartago.—9° 57’, 83° 53’, 

“Guarco. —According to Dr. Alvaro Wille T. (personal communication ), of 
the Departamento de Entomologia at the Universidad de Costa Rica: “The name 
‘Guarco’ is a very old historical name used by the Spaniards to refer to the whole 
Cartago valley. The name is also applied to a particular area in the city of 
Cartago.” 

Heredia, Heredia.—10° 00’, 84° 07’. 

“Traztit Range,” Cartago.—Probably somewhere on the southern or south- 
western slopes of Volcan Irazu. 

La Piedra, San José.—9° 29’, 83° 40’. 

Monte Verde, Limon.—10° 06’, 83° 26’. 

Pico Blanco, Limén.—9° 17’, 83° 04’. 

San Isidro de E] General [San Indro], San José.—9° 59’, 83° 59’. 

San José, San José.—9° 56’, 84° 05’. 

San Pedro Montes de Oca [Montes de Oca], San José.—9° 56’, 84° 03’. 

Tilaran, Guanacaste —10° 27’, 84° 59’. 

Volcan Irazu, Cartago.—9° 59’, 83° 53’. 

Volcan Turrialba, Cartago.—10° 02’, 83° 46’. 

Zarcero, Alajuela—Il0° 11’, 84° 22’. 


Ex SALVADOR 


Apaneca, Ahuachapan.—13° 51’, 89° 47’. 

Cerro Cacaquatique, Morazan (on border with San Miguel).—13° 48’, 
88° 14’. 

Hacienda [or Cerro] Montecristo, Santa Ana. 


14° 25’, 89° 22’. 


GUATEMALA 


°|Q907 


Calel, Quezaltenango (on border with Totonicapan ).—15° 02’, 91° 33’. 

Coban, Alta Verapaz.—15° 29’, 90° 19’. 

Cumbre Maria Tucum, Totonicapan.—Approximately 14° 50’, 91° 08’. 

Finca La Paz, San Marcos.—Approximately 14° 50’, 91° 50’. 

Finca Xicacao, Alta Verapaz.—Approximately 15° 31’, 90° 14’. 

Hacienda Chancol, Huehuetenango.—15° 25’, 91° 20’. 

Jacaltenango, Huehuetenango.—15° 40’, 91° 41’. 

La Primavera, Alta Verapaz.—15° 25’, 90° 29’. 

Mataquescuintla, Jalapa—14° 31’, 90° 11’. 

Panajachel, Solola.—14° 45’, 91° 09”. 

San Juan Ixcoy, Huehuetenango.—15° 38’, 91° 26’. 

Santa Cruz E] Chol [El Chol], Baja Verapaz.—14° 57’, 90° 28’. 

Santa Elena, Chimaltenango.—14° 49’, 91° 02’. 

Tecpan, Chimaltenango.—14° 46’, 91° 00’. 

Todos Santos Cuchumatin [Todos Santos], Huehuetenango—15° 30’, 
OF 38% 

Uaxactiin, Petén.—17° 24’, 89° 37’. 

Volcan Santa Maria, Quezaltenango.— 14° 45’, 91° 32’. 

Volcan Tajamulco, San Marcos.—15° 02’, 91° 54’, 
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HonpuRAS 
Belén, Ocotepec.—14° 27’, 88° 27’. 
Cerro Cantoral, Francisco-Morazan.—14° 22’, 87° 20’. 
EI] Zamorano, Francisco-Morazan.—13° 59’, 87° OL’. 
Lago de Yojéa, Cortes —14° 45’, 88° 00’. 
Las Flores, Gracias —14° 39’, 88° 38’. 
Llama, Santa Barbara.—14° 58’, 88° 12’. 
Yuscaran, EF] Paraiso—13° 55’, 86° 47’. 


Mexico 


Campeche 


La Tuxpena [La Tuxpana].—18° 27’, 90° 04’. 


Chiapas 


Bochil.—16° 59’, 92° 55’. 

Comitan.—16° 15’, 92° 08’. 

Escuintla:—1'5° 207. 92° 387. 

Huixtla—15° 08’, 92° 28’. 

La Libertad —17° 41’, 91° 43’. 

Las Margaritas.—16° 20’, 92° 00’. 
Prusia.—15° 44’, 92° 44’, 

Pueblo Nuevo Solistahuacan [Pueblo Nuevo]. 
San Crostdébal de las Casas.—16° 45’, 92° 33’. 
Union Juarez.—15° 04’, 92° 05’. 

Villa Flores.—16° 14’, 93° 13’. 

Yajalon.—17° 16’, 92° 20’. 


Coahuila 
Melchor Mizquiz.—27° 53’, 101° 31’. 


Distrito Federal 


Bosenchere.—Approximately 19° 24’, 100° 08’. 
Bosque Chapultepec, México.—19° 25’, 99° 10’. 
Canfion Contreras.—19° 15’, 99° 15’. 

Cerro de Santa Rosa.—19° 19’, 97° 17’. 

Tlalpan [Tlalpam].—19° 17’, 99° 10’. 


Estado de México 


Amecameca.—19° 07’, 98° 46’. 

Cerro Ajusco.—19° 12’, 99° 15’. 

Lagunas de Zempoala—19° 03’, 99° 19’. 
Nevado de Toluca.—19° 07’, 99° 45’. 
Salazar—19° 19’, 99° 24’. 

San Juan Zitlaltepec.—19° 48’, 99° 08’. 
Tlapacoyan [Tlapacoya].—19° 18’, 98° 55’. 
Volcan Popocatépetl.—19° 02’, 98° 38’. 


Guanajuato 
Guanajuato.—21° 01’, 101° 14’. 
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Guerrero 


Cerro Teotepec.—17° 27’, 100° 10’. 
Chilpancingo.—17° 33’, 99° 30’. 
Mexcala.—17° 56’, 99° 34’. 
Omilteme —17° 33’, 99° 40’. 


Hidalgo 


Acaxochitlan.—20° 10’, 98° 12’. 

Encarnacion [Ferreria de Encarnacién].—20° 53’, 99° 12’. 
Molango.—20° 48’, 98° 43’. 

Tenango de Doria—20° 20’, 98° 12’. 

Tulancingo.—20° 05’, 98° 22’. 

Zacultipan.—20° 39’, 98° 37’. 


Jalisco 


Autlan.—19° 45’, 104° 24’. 

Ciudad Guzman [Zapotlan].—19° 45’, 103° 30’. 
Guadalajara.—20° 41’, 103° 20’. 

Huascata.—20° 32’, 102° 14’. 

Mascota.—20° 33’, 104° 49’. 

Nevado de Colima [Volcan de Nieve]—19° 33’, 103° 37’. 
Ocotlan.—20° 21’, 102° 46’. 

Volcan de Fuego [Volcan de Colima].—19° 34’, 103° 36’. 


Michoacan 


Cerro de Tancitaro.— 19° 25’, 102° 18’. 

Ciudad Hidalgo.—19° 41’, 100° 32’. 

Colonia Ibarra —20° 14’, 102° 34’. 

Cumuato.—20° 16’, 102° 34’. 

La Palma.—20° 09’, 102° 46’. 

Morelia.—19° 42’, 101° 11’. 

Patzcuaro.—19° 30’, 101° 36’. 

Quiroga.—19° 42’, 101° 29’. 

Rancho Baralosa.—Approximately 18° 50’, 103° 00’. 


Nayarit 


Tepic.—21° 31’, 104° 54’, 


Oaxaca 
Cerro San Felipe —17° 11’, 96° 40’. 
Cerro Zempoaltepec [Zempoaltépetl or Cempoaltépetl]|—17° 10’, 96° 00’. 
Choapan [Choapém].—17° 20’, 95° 57’. 
“Colonia Rudolfo Figuroa.”—Probably near 94° 15’, 16° 45’; recorded as 
“20 km. NW Rizo de Oro, Chiapas.” 
Ixtlan de Juarez.—17° 20’, 96° 29”. 
Lachao.—16° 14’, 97° 08’. 
La Muralla.—Approximately 17° 07’, 97° 40’. 
Llano de las Flores—17° 30’, 96° 30’. 
Lovene.—16° 02’, 96° 12’. 
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Mixteguilla [Magdelena Tequisistlan].—16° 22’, 95° 15’. 

Oaxaca de Judrez.—17° 04’, 96° 43’. 

Papalo Santos Reyes [Reyes]|—17° 53’, 96° 48’. 

Pluma Hidalgo [Pluma].—15° 55’, 96° 24’, 

Puerto Escondido.—Approximately 15° 50’, 97° 50’. 

Putla—17° 02’, 97° 56’. 

San Agustin Loxicha [Loxicha or San Agustin]—16° 01’, 96° 36’. 
San Andres Chicahuaxtla.—17° 10’, 97° 50’. 

San Gabriel Mixtepec.—16° 05’, 97° 06’. 

San Isidro.—Approximately 17° 45’, 96° 42’. 

San Juan Ozolotepec.—16° 08’, 96° 16’. 

San Miguel Suchixtepec.—16° 05’, 96° 27’. 

San Pedro Cajonos [San Pedro or Cajonos]. 
Santa Maria Ozolotepec.—16° 13’, 96° 22’. 

Santos Reyes Nopala [Nopala].—16° 06’, 97° 10’. 

Santiago Lachiquiri [Las Cuevas, Lachiquiri]—16° 41’, 95° 27’. 
Sola de Vega.—16° 32’, 96° 58’. 

Sta. Catarina Juguila [Juguila or Santa Catarina]|.—16° 15’, 97° 18’. 
Tehuantepec.—16° 20’, 95° 13’. 

Teotitlan del Camino.—18° 08’, 97° 07’. 

Totontepec.—17° 13’, 96° 03’. 

Tuxtepec.—18° 05’, 96° 06’. 

Vista Hermosa.—17° 39’, 95° 15’. 


177 10", 96% 15". 


Puebla 


Honey.—20° 15’, 98° 13’, 

Huauchinango.—20° 11’, 98° 03’. 

Metlaltoyuca.—20° 45’, 97° 51’. 

Villa Juarez [Xicotepec de Juarez or Juarez Xicotepec|.—20° 17’, 97° 57’. 
Xocoyolo.—20° 00’, 97° 32’. 

Zacapoaxtla.—19° 53’, 97° 35’. 


Querétaro 


Pinal de Amoles [Amoles].—21° 09’, 99° 37’. 


Quintana Roo 


Laguna de Chichancanab.—19° 47’, 88° 42’. 


San Luis Potosi 


Alvarez.—22° 02’, 100° 37’. 

E]1 Salto.—22° 36’, 99° 24’. 
Huichihuayan.-—21° 28’, 98° 57’. 
Platanito.—22° 29’, 99° 26’. 
Xilitla—21° 23’, 99° O1’. 


Tamaulipas 


Altamira.—22° 93° 97° 56’. 
Camargo.—26° 20’, 98° 50’. 
Ciudad Victoria. —23° 44’, 99° 08’. 
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Gomez Farias.—23° 03’, 99° 09’. 
Matamoros.—25° 55’, 97° 30’. 
Ocampo.—22° 50’, 99° 20’. 
Piedra.—23° 30’, 98° 06’. 


Veracruz 


Banderilla—19° 35’, 96° 56’. 
Boca del Rio.—19° 06’, 96° 06’. 
Catemaco.—18° 25’, 95° 07’. 
Cerro Gordo.—19° 25’, 96° 42’. 
Coscomatepec.—19° 04’, 97° 02’. 
E] Brinco.—20° 26’, 97° 36’. 
Huatusco.—19° 09’, 96° 57’. 
Jalacingo.—19° 48’, 97° 18’. 
Jalapa.—19° 31’, 96° 56’. 
La Joya—19° 37’, 97° 02’. 
Las Vigas.—19° 38’, 97° 05’. 
Mecayucan.—18° 54’, 96° 14’. 
Mirador.—19° 17’, 96° 54’. 
Orizaba.—18° 51’, 97° 06’. 
Potrera Vieja —18° 52’, 96° 50’. 
Teocelo [Texolo].—19° 23’, 96° 58’. 
Tlapacoyan.—19° 58’, 97° 13’. 
Volcan San Martin [Volcan de Tuxtla or San Martin Tuxtla]—18° 33’, 
Sra Se 
Xico [Jico].—19° 25’, 97° 00’. 
Zacualpan.—20° 28’, 98° 22’. 


Yucatan 
Actun Spukil.—Approximately 20° 34’, 89° 47’. 
Chichén Itza.—20° 41’, 88° 34’. 
Mérida.—28° 58’, 89° 47’. 
Uxmal.—20° 22’, 89° 46’. 
Xbac.—Approximately 20° 20’, 88° 55’. 


NICARAGUA 


San Raphael del Norte, Jinotega—13° 10’, 86° 05’. 
Santa Maria de Ostuma, Matagalpa.—12° 57’, 85° 58’. 


PANAMA 


Cerro Pirre, Darién.—7° 51’, 77° 44’. 

Cerro Mali, Darién,—8° 07’, 77° 14’. 

Cerro Punta, Chiriquii—s8° 53’, 82° 34’. 

Cerro Punta-Boquete trail, Chiriqui—Approximately 8° 50’, 82° 30’. 
Cerro Tacarcuna, Darién.—8° 10’, 77° 18’. 

Cylindro, Bocas del Toro— Approximately 8° 49’, 82° 24’. 

Santa Clara, Chiriqui—8° 51’, 82° 46’. 

Volcan de Chiriqui, Chiriqui.—8° 51’, 82° 49’. 
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The Phylogenetic Significance of Vocal Sac Structure 
in Hylid Frogs 


BY 
MICHAEL J. TYLER 


INTRODUCTION 

Frogs of several families have independently evolved basically 
similar structures to equip them for arboreal life. Expanded, termi- 
nal, digital discs occur in all tree frogs, and it is evident that there 
has been considerable convergence of evolution of such adaptive 
features. The employment of only external morphological features 
to characterize most genera within the Hylidae has resulted in an 
indeterminate number of constituent genera with obscure phyloge- 
netic relationships. 

The genus Hyla contains the largest number of species; estimates 
range as high as 350 (Smith and Taylor, 1948). The genus has 
become a repository for species that by reason of their apparent 
lack of morphological or biological specializations cannot readily 
be referred to other genera. Thus, at this time, any attempt to re- 
construct an evolutionary tree of hylids would reveal Hyla to be an 
abnormal branch urgently in need of pruning. 

Although the geographic distribution of Hyla is disjunct, Pope 
(1931) and Duellman (1967) have demonstrated the existence of 
marked external morphological and karyotypic similarities among 
some of the Nearctic, Oriental and Palaearctic species. The Au- 
stralian species, in contrast, exhibit extreme morphological diver- 
gence, and the majority do not fundamentally resemble species from 
other geographic regions. In fact, when the Australian species are 
identified by means of the key to hylid genera prepared by Goin 
(1961), they key out variously to Acris, Aplastodiscus, Pseudacris 
and Hyla. Martin and Watson (in manuscript ) observed similar 
divergence in larval morphology. In the absence of detailed com- 
parisons of internal anatomy between adequate numbers of Austra- 
lian species of Hyla and those occurring in other geographic regions, 
it would appear that the generic disposition of the Australian species 
is assumed rather than demonstrated. 

The specificity of mating calls in Hyla and their effectiveness as 
pre-mating isolating mechanisms are well established. However, 
interspecific variation in form, position and size of the inflated vocal 
sac has not received comparable attention. Therefore, I undertook 
a detailed comparison of the scas, particularly of the superficial 
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ventral mandibular muscles that form the outer walls of the vocal 
sac. Because superficial mandibular muscles rarely have been used 
as taxonomic criteria, it became necessary to survey these structures 
in other anuran genera. This permitted an evaluation of their phylo- 
genetic significance in the Hylidae and a reasonable interpretation 
of the taxonomic significance of the observed variation within the 
genus Hyla. 


MATERIALS, METHODS AND TERMINOLOGY 

The adults and larvae of the hylid genera, species and subspecies 
examined are listed in the appendix. Dissections were performed 
with the aid of a low-power binocular microscope, and serial sec- 
tions were employed in order to clarify the insertions and orientation 
of muscle fibers in some small species. 

There is a lack of uniformity in the nomenclature of the super- 
ficial muscles; I have adopted the nomenclature of Kesteven (1944). 
The names and principal synonyms are: Musculus submentalis = 
M. intermandibularis anterior of Trewavas (1933); Musculus inter- 
mandibularis = M. intermandibularis posterior of Trewavas (1933) 
and M. submaxillaris of Beddard (1908) and Duellman (1956, et 
seq. ); Musculus interhyoideus = M. subhyoideus of Beddard (1908) 
and Inger and Greenberg (1956) and M. mylohyoideus of Liu 
(1935) and Starrett (1968). 

Pectoral muscle nomenclature is that of Jones (1933), and ad- 
ductor jaw musculature that of Starrett (1968). The larval staging 
tables of Gosner (1960) were employed in studies of mandibular 
muscle development. 

The systematic arrangement of hylid genera follows Duellman 
(1970). 


SUPERFICIAL MANDIBULAR MUSCULATURE AND VOCAL SAC 
STRUCTURE IN THE ANURA 

To provide a basis for the following comparative morphological 
data it is necessary first to describe the superficial mandibular 
musculature and vocal sac structure in anurans. Then problems 
associated with the current practice of categorizing vocal sac struc- 
ture will be discussed. 

In males and females three separate, superficial, ventral and 
transversely directed muscles lie between the mandibles (Fig. 1). 
The first, M. submentalis, is an ovoid muscle arising from the lateral, 
lingual surface of the mandible on each side of the mandibular 
symphysis. The muscle fibers either traverse from one mandible to 
the other (Fig. 2a) or meet at a median raphe (Fig. 2b). The sub- 
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ant. cornu 


V.S.a. 


epishum. 
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mand. 
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Fic. 1. Intermandibular musculature of a generalized hylid frog. Superficial 
muscles removed from right side to show deeper musculature. Abbreviations: 
ant. cornu, anterior cornu of hyoid; epis., episternum; epishum., Musculus 
episternohumeralis; genhy. l., M. geniohyoideus lateralis; genhy. m., M. genio- 
hyoideus medialis; imand., principal element of M. intermandibularis; interhy., 
M. interhyoideus; mand.; mandible; swhmen., M. submentalis; v.s.a., vocal sac 


aperture. 


mentalis is capable of limited rotation, provides structural support 
to the mandibles, and permits limited independent movement of 
each half of the lower jaw. This muscle is largest in those anurans 
in which the anterior margin of the lower jaw is truncate; it is 
smallest in those anurans in which the anterior margin is acuminate 
or in species in which the mandibles have a bony reinforcement at 
the symphysis. 

The second, M. intermandibularis, is a thin, flat sheet of muscle 
which arises from the lateral, lingual surface of the mandible. The 
site of origin usually extends along the mandible from the submen- 
talis anteriorly to the jaw articulation posteriorly. Various rela- 
tionships of the intermandibularis to the M. geniohyoideus need 
mention here. The M. geniohyoideus usually arises from the lingual 
surface of the mandible. Commonly its origin lies immediately 
dorsal to the anterolateral portion of the intermandibularis. How- 
ever, the geniohyoideus occasionally arises from a more ventral 
position; thus, its origin is either partially or totally exposed oc- 
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Fic. 2. Variation of anterior intermandibularis musculature in hylid frogs: (a) 

araphic submentalis; (b) raphic submentalis; (c) intermandibularis arrested 

anteriorly; (d) intermandibularis overlaps posterior margin of submentalis; 

(e) intermandibularis attaches on submentalis posteromedially; (f£) intermandi- 
bularis attaches on submentalis posterolaterally. 


cupying a portion of the mandible and anterior development of the 
intermandibularis is arrested ( Fig. 2c). 

The fibers of the two portions of the intermandibularis either 
meet at the midline along a narrow raphe (Fig. 3a) or they are 
separated by a median aponeurosis. The aponeuroses vary in shape 
(Figs. 3b-d). 

There is variation in the morphological relationships of the sub- 
mentalis and intermandibularis. Frequently the muscles lie adjacent 
to one another (Fig. 2a) or they are partially separated by the 
geniohyoideus laterally (Fig. 2c). Alternatively the intermandibu- 
laris overlaps the posterior margin of the submentalis (Fig. 2d), 
attaches upon the submentalis posteromedially (Fig. 2e) or pos- 
terolaterally (Fig. 2f). 

One of the most important forms of variation of the morphology 
of mandibular musculature is the differentiation of the interman- 
dibularis to form supplementary elements which lie ventral to the 
usual sheet of the intermandibularis. Hereafter the larger part of 
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Fic. 3. Medial relationships of intermandibular elements: (a) simple raphe; 
(b-d) variation in shape of median aponeuroses. Aponeuroses represented by 
stippled patterns. 


the intermandibularis which gives rise to the supplementary ele- 
ments will be referred to as the “principal element” of the muscle. 
The supplementary elements are thin, pinnate muscles of such a 
wide variety of forms (fide Trewavas, 1933) that it is difficult to 
propose a simple classification of their structures. Those supple- 
mentary elements which occur in the genera currently referred to 
the Hylidae vary widely in the position of their origin on the 
mandibles; they are named accordingly as follows (Table 1): 
(1) Apical element—arising from the lingual surface of the man- 
dible on each side of the submentalis. The fibers pass postero- 
medially and attach upon the median raphe of the principal ele- 
ment ( Fig. 4a). 
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TasLe |.—Occurrence and kind of Differentiation of the M. Intermandibularis 
in the Hylidae. 


Differentiation Kind of 
Geographic Present Absent supplementary 
Genus Region (No. species) (No. species ) element 
Hyla Australian 49 0 apical 
Hyla Nearctic 0 i 
Hyla Palaearctic 0 il 
Hyla Oriental 0 2, 
Hyla Neotropical 3 78 apical 
Acris Nearctic 2 0 apical 
Agalychnis Neotropical 2 0 posterolateral 
Allophryne Neotropical 1 0 anterolateral 
Amphignathodon Neotropical 0 ] 
Anotheca Neotropical 0) I 
Aparasphenodon Neotropical 0 ] 
Aplastodiscus Neotropical 0 1 
Argenteohyla Neotropical 0 1 
Corythomantis Neotropical 0 1 
Cryptobatrachus Neotropical 0 ] 
Flectonotus Neotropical 0 ] 
Fritziana Neotropical 0 2, 
Gastrotheca Neotropical 0 3 
Hemiphractus Neotropical 0 2 
Limnaoedus Nearctic 0 1 
Nyctimantis Neotropical 0 1 
Nyctimystes Australian 9 0 apical 
Osteocephalus Neotropical 0 5 
Pachymedusa Neotropical 1 0 posterolateral 
Phrynohyas Neotropical 0 3 
Phyllodytes Neotropical 0 1 
Phyllomedusa Neotropical 9 0 posterolateral 
Plectrohyla Neotropical 0 2 
Pseudacris Nearctic 0 3 
Pternohyla Neotropical 0 1 
Ptychohyla Neotropical 0 9) 
Smilisca Neotropical 0 3 
Sphaenorhynchus Neotropical 3 0 apical 
Trachycephalus Neotropical 0 2 
Triprion Neotropical 0 2 


(2) Anterolateral element—arising from the lingual surface of the 
mandible on the anterior portion of the bone. The fibers pass an- 
teriorly, parallel to the mandible, and attach upon the ventral sur- 
face of the submentalis (Fig. 4b). 

(3) Posterolateral element—arising from the ventral surface of the 
mandible near the site of mandibular articulation. The fibers pass 
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imand. apic. 


imand. post. 


Fic. 4. Supplementary intermandibular elements of the Hylidae: (a) apical 

element; (b) anterolateral element; (c) posterolateral element. Abbreviations: 

imand. antl., anterolateral element of M. intermandibularis; imand. apic., apical 

element of M. intermandibularis; imand. postl., posterolateral element of M. 
intermandibularis. 


anteromedially and attach upon the ventral surfaces of the principal 
element (Fig. 4c). 


The third major superficial muscle, the interhyoideus, usually 
arises from the anterior cornu of the hyoid near its termination on 
the skull at the crista parotica. The muscle accompanies the anterior 
cornu along its ventral path to the region of the post-articular 
portion of the mandible. From the articular region, the anterior 
cornu passes anteriorly along the lingual surface of the mandible, 
whereas the interhyoideus fibers diverge medially and form a trans- 
verse sheet (Fig. 1). Anteriorly this sheet unites with the posterior 
border of the intermandibularis; posteriorly it is connected to the 
M. episternohumeralis by a broad sheet of collagenous connective 
tissue. 

There is considerable variation in the size and form of the in- 
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Fic. 5. Variation in development of interhyoideus in the Hylidae: (a) anterior 

development; (b) posterior development; (c) anterior and posterior develop- 

ment; (d) slight bilobular posterior development; (e) posterolateral bilobular 
development; (f) ventral bilobular development. 


terhyoideus. This morphological diversity is associated with the 
development of the vocal sac apparatus. Within the Hylidae, the 
most frequently encountered forms of the interhyoideus are as fol- 
lows: 
(1) Remains in the form of a transverse sheet of parallel fibers 
GBigw)): 
(2) Anterior development accompanied by reduction of the pos- 
terior extent of the intermandibularis, particularly medially (Fig. 
BBV). 
(3) Posterior development which results in a single lobe lying 
upon the sternal musculature (Fig. 5b). 
(4) Anterior and posterior development (combination of condi- 
tions 3 and 4—Fig. 5c). 
(5) Slight posterolateral, bilobular development (Fig. 5d). 
(6) Extreme posterolateral bilobular development (Fig. 5e). 
(7) Ventral bilobular development ( Fig. 5f). 
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Fic. 6. Supramandibular lobes of interhyoideus: (a) tubular extension; (b) 
convoluted pouch. Abbreviations: interhy., M. interhyoideus; sq., squamosal. 


(8) Supramandibular development involving the development 
of a slender, tubular extension ( Fig. 6a). 

(9) Supramandibular development involving the development 
of a broad, convoluted, tubular extension (Fig. 6b). 


Anuran vocal sacs are customarily described as being diverticula 
of the lining of the mouth, and communicating with the mouth by 
paired or single, round or slit-like apertures. A vocal sac actually 
represents an extrusion of a portion of the lining of the mouth into 
a site directly above the superficial, ventral mandibular muscles. 
The lining of the mouth consists of a dense layer of collagenous 
connective tissue upon which there is a superficial layer of pseudo- 
stratified, columnar epithelium, most of which is ciliated. The 
mouth is completely underlain by muscles except for small areas 
bordered by the mandible laterally, the geniohyoideus lateralis me- 
dially. Consequently the lining of the mouth is free to extrude 
ventrally between these muscles and the ventral, superficial muscle 
block only in these lateral areas. In some species the extrusions, 
which represent the vocal sac, form a single cavity into which both 
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Fic. 7. Vocal sac apertures of hylids: (a) slit; (b) gaping hole; (c) small 
orifice. 


vocal apertures open. In other species the extrusions or cavities 
remain separate, each associated with its own aperture, to form two 
discrete vocal sacs. This “unsupported” area between the lining 
of the mouth and the ventral superficial muscles is traversed by the 
anterior cornu of the hyoid which invariably forms the medial mar- 
gin of the aperture. The apertures are in the form of slits (Fig. 
7a), gaping holes (Fig. 7b) or small orifices in the floor of the 
mouth ( Fig. 7c). 


Tyler (1970) reviewed and illustrated various submandibular 
myo-integumental relationships and the ways in which these may 
influence the evolution of the vocal sac apparatus. Such relation- 
ships reported here are 1) the relative development of the post- 
mandibular septum described as short, moderate or deep; 2) The 
presence or absence of post-septal development of the interhyoideus, 
and 3) the presence or absence of direct contact of intermandibular 
muscles with the skin. 

The innervation of the superficial mandibular muscles and of 
the skin adjacent to the muscles is as follows: the submentalis and 
intermandibularis are innervated by the fifth cranial (trigeminal ) 
nerve, and the interhyoideus by the seventh cranial (facial) nerve. 

The presence of superior or posterolateral extensions of the 
interhyoideus associated with the vocal sac has been recorded in 
several genera by Liu (1935). Such sacs are usually described as 
being paired, “lateral,” or “posterolateral” in contrast to the more 
common single, median, “subgular” structure. The other major 
classification of vocal sacs involves the distinction of their being 
“internal” or “external.” Noble (1931) defined these latter cate- 
gories as follows: “When the skin is so modified that it balloons 
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out into a pair of such sacs one on each side of the throat, the sacs 
are said to be ‘external.’ But if the skin of the throat is not thinned, 
the whole throat merely assuming a swollen appearance when the 
frog calls, the sacs are said to be ‘internal’.” 


Skin “modification” includes (1) the presence of discrete, in- 
verted or everted dermal lobes to receive the underlying muscle 
when the sac is inflated, (2) extensive irregular pleating or folding 
of the skin over the entire submandibular region, or (3) the pres- 
ence of single transverse pre- or post-axillary folds. It is evident 
that the present terminology results in the allocation of totally dis- 
similar structures to the same category, thus masking the existence 
of morphological variation. Accordingly, wherever possible, I have 
substituted names that indicate the position of the major portion 
of the vocal sac in relation to the mandibles or anterior segment of 
the sternum. 


COMPARATIVE MORPHOLOGY 
Phyllomedusinae 


Agalychnis, Pachymedusa, and Phyllomedusa have similar super- 
ficial mandibular musculature. The submentalis is small, araphic 
and completely visible from the ventral aspect, there being no 
muscular attachments of the intermandibularis on it. The inter- 
mandibularis is differentiated to produce supplementary postero- 
lateral elements (Fig. 4c). Each posterolateral element arises from 
the ventral surface of the mandible and is attached by a broad 
ligament to one of two adductor muscles of the jaw. (Starrett, 1965, 
reported variation in the nature of the adductor musculature of 
Phyllomedusa.) In species in which the M. adductor mandibulae 
posterior subexternus is present, the ligament attaches to it; the site 
of attachment is covered by the M. a.m. externus superficialis. In 
those species lacking the former muscle, the ligament attaches di- 
rectly to the latter. The posterolateral element of the intermandibu- 
laris passes anteromedially from its site of origin and attaches to 
the principal muscle lateral to a broad, median aponeurosis. The 
aponeurotic portion of the intermandibularis adheres dorsally to 
the geniohyoideus. 


The interhyoideus is well developed, lacks folds and_ pleats, 
and shows no evidence towards bilobular development in any of the 
species examined. A vocal sac is present in all species except Phyl- 
lomedusa edentula. The sac lies above the interhyoideus, extending 
anterolaterally dorsal to the intermandibularis. The vocal sac aper- 
tures are customarily short slits, equivalent in length to approxi- 
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Fic. 8. Intermandibular musculature of Hemiphractus. Median and postero- 
lateral aponeuroses represented by stippled patterns. 


mately one-tenth the length of the mandible; they are located dorsal 
to the site of origin of the posterolateral elements of the interman- 
dibularis. 

There is no direct myointegumental contact. The postmandibu- 
lar septum is of moderate length and attached to the posterior 
end of the interhyoideus. 


Hemiphractinae 

The submentalis of Hemiphractus is extremely small and araphic 
(Fig. 8). The intermandibularis is not differentiated and is poorly 
developed. It is characterized by incomplete anterior development, 
which results in a broad gap between the submentalis and inter- 
mandibularis. The intermandibularis bears a vast, median apo- 
neurosis through which the geniohyoideii are clearly visible. The 
muscle fibers are exceptionally thin. 

The interhyoideus, like the intermandibularis, is poorly devel- 
oped. It is separated from the intermandibularis by an aponeurosis. 
The median portion of the muscle is aponeurotic. 

The single species examined lacks a vocal sac. There is no direct 
myointegumental contact. The post-mandibular septum is short and 
attached to the posterior end of the interhyoideus. 
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Amphignathodontinae 


The only specimen of the rare, monotypic genus Amphignathodon 
available for study is a female. The submentalis is of moderate 
size, completely visible, and bears a median raphe. The interman- 
dibularis is not differentiated, and bears an aponeurosis in the form 
of an elongated diamond. The interhyoideus is of moderate size 
and is aponeurotic anteromedially. 


There is no direct myointegumental contact. The postmandibular 
septum is short and attached to the posterior end of the interhy- 
oideus. 


The submentalis of Anotheca is of moderate size and araphic. 
The intermandibularis is not differentiated; there is anteromedial 
attachment of the fibers upon the posterior margin of the submen- 
talis. The anterior half of the fibers of the remainder of the muscle 
meet at a median raphe; the posterior half of the muscle bears a 
broad median aponeurosis. This aponeurosis extends posteriorly 
into the interhyoideus. Anotheca spinosa lacks a vocal sac, and 
there is no direct myointegumental contact. The postmandibular 
septum is moderate and attached to the posterior end of the inter- 
hyoideus. 


The submentalis of Cryptobatrachus is of moderate size and 
araphic. The intermandibularis is not differentiated and lacks an 
aponeurosis. The most anterior fibers of the intermandibularis at- 
tach anteromedially upon the posterior margin of the submentalis. 
The interhyoideus is not developed anteriorly or posteriorly. There 
is no vocal sac and no direct myointegumental contact. The post- 
mandibular septum is deep and attached to the posterior end of 
the interhyoideus. 

Among hylid genera, Flectonotus is uniquely characterized by 
the broad overlap of the anterior part of the intermandibularis on 
the moderate sized, araphic submentalis. The intermandibularis is 
not differentiated; the anterior half of the muscle bears a median 
raphe and the posterior half bears a small median aponeurosis. The 
interhyoideus is not developed anteriorly or posteriorly. The vocal 
sac is large, extending anteriorly almost to the level of the submen- 
talis. The apertures are large gaping holes slightly more than one- 
third the length of the mandible. There is no direct myointegu- 
mental contact. The postmandibular septum is short and attached 
to the posterior end of the interhyoideus. 

The submentalis of Fritziana is small, araphic and rather elon- 
gate. The intermandibularis is not differentiated; the anterior-most 
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fibers attach upon the posteromedial border of the submentalis. 
This muscle bears a median raphe and lacks an aponeurosis. The 
interhyoideus is not developed anteriorly or posteriorly. The vocal 
sac extends anteriorly to the mid-level of the intermandibularis. The 
vocal sac apertures are gaping holes, one-third the length of the 
mandible; their posterior margins are located at the level of the 
posterolateral limit of the intermandibularis. The aperture is bor- 
dered posteromedially by the anterior cornu of the hyoid and 
anteromedially by the geniohyoideus laterali. There is no direct 
myointegumental attachment. The postmandibular septum is mod- 
erate and attached to the posterior end of the interhyoideus. 

In Gastrotheca the submentalis is small, araphic and completely 
visible. The intermandibularis is not differentiated, and there is no 
muscular contact between the anterior fibers and the submentalis. 
The intermandibularis bears a median raphe and lacks a median 
aponeurosis. The interhyoideus exhibits considerable anteromedial 
development; it bears a lar ge, median lobe which displaces the inter- 
mandibularis in this area. A vocal sac is present in marsupiatum and 
nicefori but absent in ceratophrys. In the first species it extends 
midway above the intermandibularis. The vocal sac apertures are 
holes equivalent in length to one-fifth of the length of the mandible. 
In the specimen of marsupiatum a few medial fibers located midway 
along the interhyoideus attach directly to the underlying skin. The 
area of contact measures approximately 2 mm. X< 1 mm. The post- 
mandibular septum is deep and a portion of the interhyoideus ex- 
tends posterior to it. 

The submentalis of Nyctimantis is of moderate size, araphic 
and obscured by dense, opaque, fibrous tissue. The intermandibu- 
laris is not differentiated; the anterior fibers attach upon the pos- 
terolateral margin of the submentalis. The intermandibularis bears 
an elongate, median aponeurosis which does not adhere to the 
muscles above it. The interhyoideus is a large muscle developed 
both anteriorly at the expense of the intermandibularis, and pos- 
teriorly beyond the postarticular extremities of the mandibles. The 
vocal sac extends anteriorly about midway along the intermandibu- 
laris beneath the aponeurosis. The vocal sac apertures are holes 
located near the lateral margin of intermandibularis and interhy- 
oideus; their length is equivalent to one-sixth of the length of the 
mandible. There is no direct myointegumental contact. The post- 
mandibular septum is moderate and attached to the posterior border 
of the interhyoideus. 
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Hylinae 

Acris exhibits an araphic submentalis of small size. The inter- 
mandibularis is differentiated and the supplementary elements are 
of the apical type. The position of the apical element is identical 
to that of Nyctimystes but it is an extremely thin sheet and cannot 
be freely separated from the principal muscle. The principal ele- 
ment of the intermandibularis lacks an aponeurosis, the interhy- 
oideus is very well developed anteriorly. The vocal sac extends 
anteromedially beneath the posterior one-third of the intermandibu- 
laris. The vocal sac apertures are slits equivalent in length to ap- 
proximately one-quarter of the length of the mandible. There is no 
direct myointegumental contact. The postmandibular septum is 
moderate and there is slight development of the interhyoideus pos- 
terior to it. 


The submentalis of Allophryne is elongate and araphic. The 
intermandibularis is differentiated and the supplementary elements 
are of the anterolateral type. These attach upon the ventral surface 
of the submentalis (Fig. 4b). The intermandibularis lacks a median 
aponeurosis. The only specimen available for study is a partially 
dissected female and no further data were obtainable. 

Aparasphenodon is characterized by a small, araphic submentalis 
and an undifferentiated intermandibularis bearing an elongate, 
median aponeurosis which is broadest at its posterior limit. The 
interhyoideus is not well developed anteriorly or posteriorly, but is 
folded and pleated ventrally, particularly near the mandible. The 
vocal sac is a paired submandibular structure, medial adhesions 
preventing communication between the two portions. Anterolater- 
ally the sacs extend as far as the middle of the intermandibularis. 
The vocal sac apertures are elongate holes situated on the lateral 
margin of the mandible and equivalent to approximately one quarter 
of its length. There is no direct myointegumental attachment. The 
postmandibular septum is short and attached to the posterior end 
of the interhyoideus. 

In Aplastodiscus the submentalis is small and araphic. The 
intermandibularis is not differentiated and lacks an aponeurosis. 
Anteriorly the fibers of the intermandibularis attach upon the pos- 
teromedial border of the submentalis. The interhyoideus is not well 
developed anteriorly or posteriorly. The vocal sac extends anteriorly 
almost as far as the submentalis. Vocal sac apertures are short slits 
located approximately midway along the length of the mandible. 
Their length is less than one sixth of the length of the mandible. 
There is no direct myointegumental contact. The position and 
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development of the postmandibular septum could not be detected 
as a result of dehydration. 

Argenteohyla has a small araphic submentalis. The intermandib- 
ularis is not differentiated; its most anterior fibers attach upon the 
posterolateral border of the submentalis. The interhyoideus is not 
well developed anteriorly or posteriorly. There is no direct myoin- 
tegumental attachment. The postmandibular septum is short, at- 
taching to the posterior border of the interhyoideus. A male has 
not been examined but Barrio (1966) provided a photograph of 
one with the vocal sac inflated. This depicts a bibobular post- 
mandibular structure. 

The submentalis of Corythomantis is small and araphic. The 
intermandibularis is not differentiated, lacks any form of attachment 
to the submentalis, and lacks an aponeurosis. The interhyoideus 
lacks anterior and posterior development but ventrally is folded and 
pleated, particularly near the mandibles. The vocal sac is separated 
into two parts as a result of extensive median adhesions between 
the interhyoideus and the muscles dorsal to it. The vocal sac aper- 
tures are situated at the anterior limit of the vocal sac. They are 
gaping holes, their length equivalent to approximately one-fifth 
of the length of the mandible. There is no direct myointegumental 
contact. The postmandibular septum is short, attaching to the 
posterior end of the interhyoideus. 

The species of Hyla are here divided according to their geo- 

graphic distribution: 
(1) Australia and New Guinea (Australo-Papuan).—The  inter- 
mandibularis is differentiated by the development of a supple- 
mentary apical element (Fig. 4a). Attachments of the anterior 
fibers of the principal muscle of the intermandibularis to the medial 
border of the submentalis occur in only two of the 49 species ex- 
amined: nasuta and nigrofrenata. In no species is there a broad 
lateral gap between the submentalis and intermandibularis; the 
interhyoideus is well developed anteriorly. 

The absence of a vocal sac reported in H. lesueuri by Dumeril 
and Bibron (1841) and H. eucnemis by Liu (1935) has been con- 
firmed; a similar condition has been found in H. booroolongensis 
and H. genimaculata. In all other species a vocal sac is present and 
is usually substernal and unilobular. Anteromedially the vocal sac 
does not extend beyond a position above the posterior apex of the 
apical element of the intermandibularis. 

In some individuals of H. infrafrenata, the largest member of the 
genus, the vocal sac is a submandibular, bilobular structure whereas 
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in others it is unilobular. The form of the structure is apparently 
determined by the position of the episternum which in this species 
involves a secondary sexual modification that Boulenger (1912) 
considered unique in the Hylidae. The episternum of female infra- 
frenata is cartilaginous and terminates in the customary flattened 
disc lying dorsal to the interhyoideus. In adult males it is entirely 
ossified and consists of a broad process tapering to a sharp spike. 
The omosternum either lies ventral to the interhyoideus or pro- 
jects into its posterior folds. In the former case the skin surround- 
ing the episternum forms a separate sheath producing a bilobular 
sac, whereas it forms a unilobular sac in the latter. Where the 
episternum lies ventral to the interhyoideus the position of the 
tip of the spike is visible externally as a sharp projection. 

Vocal sac apertures in Australo-Papuan species are slits or gaping 
holes, their length one quarter to one half of the length of the 
mandible. There is no direct myointegumental contact. The post- 
mandibular septum is of moderate length. 

(2) Nearctic, Palaearctic and Oriental species.—These species differ 
from the Australo-Papuan in having an intermandibularis which is 
not differentiated. They are also characterized by transverse over- 
lap of the anterior fibers of the intermandibularis upon the submen- 
talis, an intermandibularis lacking an aponeurosis, anterior and pos- 
terior development of the interhyoideus, and a large, unilobular, 
submandibular vocal sac. Vocal sac apertures are in the form of 
slits or holes; their length varies from one quarter to one half of the 
length of the mandible. There is variation in the development of 
the postmandibular septum, the presence or absence of develop- 
ment of the interhyoideus posterior to it, and in the existence of 
myointegumental contact. 

(3a) Neotropical species (West Indies).—The nine West Indian 
species represent at least three separate phyletic lines (fide Duell- 
man, 1970), one of which is represented by the H. septentrionalis 
group comprising septentrionalis, dominicensis and brunnea. In this 
species group the intermandibularis is differentiated by the develop- 
ment of an apical element. This apical element differs from that 
exhibited by Australian Hyla and Nyctimystes in that the muscle 
fibers attach to the principal muscle over an extensive area whereas 
in the former representatives attachment occurs only at the median 
raphne. Attachments of the anterior fibers of the principal muscle 
to the submentalis are anteromedial. The interhyoideus is well 
developed anteriorly and posteriorly, the latter margin being uni- 
lobular in brunnea and slightly bilobular in dominicensis and sep- 
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tentrionalis. The size of the vocal sac aperture is correlated with 
this divergence. In brunnea the vocal sac extends anteromedially 
to a position above the apex of the apical element, and the apertures 
are slits one third as long as the mandible. In the other two species 
the vocal sac is confined to the interhyoideus and the vocal sac 
apertures are small orifices one tenth the length of the mandible. 
There is no direct myointegumental contact. The postmandibular 
septum attaches to the posterior end of the interhyoideus. 

None of the remaining species has the intermandibularis differ- 
entiated and in all except pulchrilineata this muscle bears an elon- 
gate, median aponcurosis. The same species is distinguished from 
all other West Indian species by its possession of supramandibular 
lobes to the interhyoideus lying upon the dorsal fasciae posterior to 
the depressor mandibulae. Hyla heilprini is the only species having 
a dermal, submental gland, and marianae is unique (among West 
Indian hylids ) in lacking a vocal sac. 

Hyla lichenata and vasta exhibit slight bilobular ventrolateral 
development of the interhyoideus and also share with dominicensis 
and septentrionalis apertures in the form of small orifices, equivalent 
in length to one tenth of the length of the mandible. 


(3b) Neotropical species (Central and South America ).—These spe- 
cies exhibit considerable morphological variation; the present ac- 
count is confined to a description of the range of variation observed 
pending an anticipated computer analysis of species groups com- 
bining myological, osteological and biological data. 

In all species examined the submentalis is araphic and the in- 
termandibularis is not differentiated; attachments of the interman- 
dibularis upon the submentalis are present or absent and the inter- 
mandibularis exhibits or lacks a median aponeurosis. 

There is considerable diversity in the development of the inter- 
hyoideus and vocal sac. The following species have submandibular, 
bilobular extensions of the interhvoideus: brieni, catharinae, co- 
lymba, crospedospila, depressiceps, garbei, hayi, nasica, phryno- 
derma, pickeli, smaragdina and subocularis. Their interhyoideal 
pouches are not uniform. In hayi there is simply a slightly bilobular 
border to the muscle; at the other extreme (smaragdina ) the separa- 
tion is distinctive. Hyla marmorata possesses a vast, unilobular, 
posterior interhyoideal lobe extending far beyond the postarticular 
portions of the mandibles. Although there is no myological evidence 
for the existence of a bilobular structure when the vocal sac is in- 
flated, the skin covering the forearm to the elbow is greatly dis- 
tended away from the muscle. Additionally the position of the pec- 
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toral lymphatic septum is modified in a way that permits the inflated 
sac to intrude into these subhumeral spaces. 

Hyla alboguttata and punctata are the only species in which 
there is evidence for the development of the interhy oideus dorsally. 
In the former species thin-walled supramandibular labes reach the 
level of the tympanum. In punctata I was unable to find a dilatable 
lobe; the most posterior fibers simply overlie the postarticular por- 
tion of the mandible; a few fibers attach to the skin. Hyla pentheter 
and robertsorum lack vocal sacs. 

Vocal sac apertures are situated more posteriorly and are shorter 
in species having bilobular vocal sacs than in those having uni- 
lobular sacs. 

In many species the skin covering the submandibular region is 
greatly convoluted, extremely thin, Tementiad and partially trans- 
parent. In rhodopepla both the skin cov ering the superficial muscles 
and the muscles themselves are so thin that ihe deeper musculature 
and associated structures are visible externally. A large, submental 
dermal gland occurs in colymba; a less well developed structure is 
present in some individuals of rivularis but is absent in others. 

Extensive, direct myointegumental contact involving the inter- 
hyoideus occurs in many small species. 

The submentalis of Limnaoedus is of moderate size and araphic. 
The intermandibularis is not differentiated; the most anterior fibers 
attach upon the posterolateral border of the submentalis. The in- 
termandibularis lacks an aponeurosis. The interhyoideus is very 
well developed anteriorly and posteriorly. The vocal sac is a vast 
structure extending anteriorly to a position midway above the inter- 
mandibularis. The vocal sac apertures are holes, their length equiv- 
alent to one-quarter of the length of the mandible. There is no 
direct myointegumental contact. The postmandibular septum is 
short; there is a small portion of the interhyoideus posterior to the 
site of attachment. 

The submentalis of Nycti mystes is of moderate size, araphic and 
completely visible from the ventral aspect. The intermandibularis 
is differentiated and the supplementary elements are of the apical 
type (Fig. 4a). The principal muscle lacks attachment to the sub- 
mentalis and bears a median raphe. It extends anteriorly to the 
submentalis in all species. The interhyoideus is well dev eloped 
anteriorly. 

Absence of vocal sac has been reported previously to character- 
ize N. papua (Parker, 1936) and N. avocalis (Zweifel, 1958). It is 
also absent in N. tympanocryptis. The vocal sac of Nyctimystes 
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extends anteromedially to a position above the posterior limit of 
the apical element of the intermandibularis, and anterolaterally to 
a position midway between the submentalis and interhyoideus. Vo- 
cal sac apertures are slits, one-quarter to one-third as long as the 
mandible; their posterior margins lie beneath the posterolateral 
junction of intermandibularis and interhyoideus. There is no direct 
myointegumental contact. The postmandibular septum is of mod- 
erate length and is attached to the posterior end of the interhy- 
oideus. 

In all species of Osteocephalus the submentalis is of moderate 
size and araphic, and the intermandibularis is not differentiated. 
Osteocephalus buckleyi lacks any attachment between the anterior 
fibers of the intermandibularis and the submentalis; there is minimal 
posterolateral attachment in the other species. All species have an 
elongate median aponcurosis on the intermandibularis; it is broadest 
in buckleyi. There is considerable variation in the development of 
the interhyoideus and of the skin covering it, associated with the 
development of supramandibular vocal sac structures. In buckleyji, 
lepreuri and verrucigerus there is simply a slender tubular postero- 
lateral extension, passing posterior to the extremity of the mandible 
and adhering to the dorsal fasciae. In taurinus the supramandibular 
portion of the interhyoideus is much broader, and there is an 
everted pouch of skin (thinner than that surrounding it) located 
lateral to it. The skin pouch of buckleyi is smaller than that of tau- 
rinus and is not visibly distinguishable from the skin of the sur- 
rounding area; lepreuri and verrucigerus lack pouches. The supra- 
mandibular vocal sacs are not discrete, communication being main- 
tained within the posterior border of the intermandibular portion 
of the interhyoideus. Vocal sac apertures are small orifices located 
at the entrances to the interhyoidal extension; their length is ap- 
proximately one seventh the length of the mandible in those species 
possessing skin pouches, and one fifteenth in those lacking them. 
No species has direct myointegumental attachment. The postman- 
dibular septa are short and attached to the posterior end of the 
intermandibular portion of the interhyoideus. 

The superficial mandibular musculature and vocal sac structure 
of Phrynohyas were described in detail by Duellman (1956); they 
are similar in most respects to those of Osteocephalus taurinus. The 
only supplementary data are that the length of the vocal sac aper- 
tures is approximately one-fifth the length of the mandible. There 
is no direct myointegumental attachment. The postmandibular sep- 
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tum is short and attached to the posterior end of the intermandibular 
portion of the interhyoideus. 

The submentalis of Phyllodytes is elongate and araphic. The 
intermandibularis is not differentiated and bears a broad median 
aponeurosis; the most anterior fibers attach upon the posterolateral 
border of the submentalis. The interhyoideus is well developed 
anteriorly and extends posteriorly slightly beyond the mandible. 
The anterior limit of the vocal sac is on a level with a point midway 
between the submentalis and the interhyoideus. The vocal sac 
apertures are holes, their lengths equivalent to approximately one- 
quarter of the length of the mandible. There is no direct myointegu- 
mental contact. The postmandibular septum is moderate and at- 
tached to the posterior end of the interhyoideus. 

Plectrohyla exhibits a small, araphic submentalis; its posterior 
border is obscured by transverse fibers of the intermandibularis. 
The intermandibularis is not differentiated and lacks an aponeurosis. 
The interhyoideus is not developed anteriorly in guatemalensis, 
which lacks a vocal sac, and is slightly developed in ixil which pos- 
sesses one. The vocal sac extends anteromedially to a position slightly 
anterior to the border of the intermandibularis and interhyoideus. 
The vocal sac apertures are long slits one-third the length of the 
mandible. In ixil there is extensive direct myointegumental contact 
involving the posterior half of the interhyoideus, but no contact in 
guatemalensis. The postmandibular septum is extremely short in 
both species, attaching to the posterior end of the interhyoideus. 

The submentalis of Pseudacris is small and araphic. The inter- 
mandibularis is not differentiated and lacks an aponeurosis; its an- 
terior fibers traverse the posterior margin of the submentalis. The 
interhyoideus is very well developed anteriorly and slightly pos- 
teriorly. The vocal sac extends anteromedially to a position midway 
between the medial boundary of the intermandibularis and submen- 
talis. The vocal sac apertures are extremely long slits, their length 
being almost one-half the length of the mandible. There is no direct 
myointegumental attachment. The postmandibular septum is mod- 
erate and there is slight development of the interhyoideus posterior 
to its site of attachment. 

Pternohyla has a small, araphic submentalis. The intermandibu- 
laris is not differentiated, lacks an aponeurosis and lacks attachment 
of fibers to the submentalis. The interhyoideus is developed slightly 
anteriorly and considerably posteriorly forming a vast lobe extend- 
ing far beyond the postarticular extremities of the mandibles. The 
vocal sac extends anteriorly to a position nearer to the submentalis 
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than to the border of the intermandibularis and interhyoideus. The 
vocal sac apertures are elongate slits, their length equivalent to 
one-third of the length of the mandible. There is no direct myoin- 
tegumental contact. “The postmandibular septum is short and there 
is slight development of the interhyoideus posterior to the site of 
attachment. 

The submentalis of Ptychohyla is small and araphic, its posterior 
border traversed by the most anterior fibers of the intermandibularis. 
The intermandibularis is not differentiated and bears a median apo- 
neurosis which is narrow anteriorly and broad _ posteriorly. The 
interhyoideus is slightly developed anteriorly and posteriorly and 
bears numerous transverse folds. The vocal sac extends anteriorly 
to a position just anterior to the border of the intermandibularis and 
interhyoideus in leonhardschultzei, and almost reaches the submen- 
talis in spinipollex. The vocal sac apertures are narrow slits ap- 
proximately one quarter the length of the mandible. There is no 
direct myointegumental contact. The postmandibular septum is 
short and attached to the posterior end of the interhyoideus. 


The superficial mandibular musculature and vocal sac structure 
of Smilisca were described by Starrett (1960) and Duellman and 
Trueb (1966). The only supplementary data are that the inter- 
hyoideus is developed anteriorly as well as ventrolaterally. The 
vocal sac apertures are elongate slits terminating anteriorly at the 
site of attachment of the beniohy oideus iieralis! their length is 
more than one third of the length of the mandible. There is ex- 
tensive direct myointegumental contact of the interhyoideus in most 
specimens. The postmandibular septum is short and attached to the 
posterior end of the interhyoideus. 

In ventral view the mandibular musculature of Sphaenorhynchus 
is so dominated by the vocal sac structure that the appearance is 
of a vocal sac with a frog attached to it. The submentalis is small 
and araphic. The iceumancibaleris is differentiated by a perfectly 
developed but extremely small apical element (Fig. 9). Conse- 
quently, the orientation of the fibers of the apical element is mainly 
transverse; thus the most anterior fibers of the intermandibularis 
overlie the submentalis, obscuring its posterior border. The inter- 
hyoideus is exceptionally well developed posteriorly, extending con- 
siderably beyond the postarticular extremities of the mandibles. 
The vocal sac extends anteromedially to the anterior limit of the 
interhyoideus. The vocal sac apertures are slits; their length is 
slightly less than one third of the length of the mandible. There is 
extensive direct myointegumental contact of the interhyoideus. The 
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Fic. 9. Intermandibularis musculature of Sphaenorhynchus. 


postmandibular septum is moderate and there is considerable de- 
velopment of the interhyoideus posterior to its site of attachment. 

The submentalis of Trachycephalus is of moderate size and 
araphic. The intermandibularis is not differentiated and lacks an 
aponeurosis. The interhyoideus forms vast supramandibular lobes 
comparable to those occurring in Phrynohyas, and the vocal sacs 
are similar to those in that genus. The vocal sac apertures are holes; 
their length is less than one quarter of the length of the mandible. 
There is direct myointegumental contact between the supramandib- 
ular lobes of the interhyoideus and the associated skin sac, permit- 
ting partial invertion of the latter. The postmandibular septum is 
moderate and is attached to the posterior border of the interman- 
dibular portion of the interhyoideus. 

The superficial mandibular musculature and vocal sac structure 
of Triprion petasatus were described by Duellman and_ Klaas 
(1964). The vocal sac structures are paired and submandibular. 
The discrete shapes of these structures in this species and in T. s. 
spatula are not as apparent in preserved specimens as they are in 
Smilisca. The interhyoideus is exceptionally thin—in sagittal section 
0.25 mm. compared with 0.7 mm. for the intermandibularis; thus 
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the lobes of the muscle are compressed flat when the vocal sac 
deflates. The vocal sac apertures are slits one seventh the length 
of the mandible. The position of the apertures is misrepresented 
in the illustration provided by Duellman and Klaas (1964); they 
are situated on the mandibular and not the lingual border of the 
anterior cornua. There is limited myointegumental contact involv- 
ing the interhyoideus. The postmandibular septum is moderate and 
attaches to the posterior border of the interhyoideus. 


Differentiation of the M. intermandibularis in other Anurans 


Because the nature of the intermandibularis has not been em- 
ployed formerly as a taxonomic criterion, 124 species representing 
57 genera in nine anuran families other than Hylidae were exam- 
ined. Recorded in Table 2 are observations on 32 genera in which 
either at least two species were dissected, or where data provided 
by Trewavas (1933) supplement mine. It will be noted that in each 
genus all species either possess supplementary elements to the inter- 
mandibularis, or else all lack them. 


DEVELOPMENT OF SUPERFICIAL MANDIBULAR MUSCULATURE 


The superficial mandibular muscles develop concommitantly 
with the mandibles during metamorphic climax. Detailed informa- 
tion on the ontogeny and larval functions of these muscles has been 
confined hitherto to representatives of genera such as Bufo (Sedra, 
1950) and Rana (de Jongh, 1968), in which the intermandibularis 
is not differentiated. 

Tadpoles of four Australian species of Hyla were studied to 
establish the stage at which the intermandibularis differentiates, 
thereby permitting an evaluation of the functional significance of 
differentiation. No specific differences worthy of note were ob- 
served and the following account based on a series of Hyla thesau- 
rensis is considered typical of Australian species. 

Stage 41 immediately precedes the emergence of the forelimbs; 
the larval mouthparts persist and the mandibular muscles retain the 
typical larval form (Fig. 10a). At this stage the M. mandibulola- 
bialis arises from the caudal side of the Meckel’s cartilage, fans out 
broadly, and attaches to the ventral margin of the lower lip. There 
is no submentalis. The intermandibularis consists of a broad loop 
of fibers arising from the ventral surface of the Meckel’s cartilage, 
while the interhyoideus is a slender band of transversely directed, 
parallel fibers arising from the ventral surface of the ceratohyal, 
and is broadly separated from the intermandibularis. 

The shedding of the superficial larval mouthparts and the si- 
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TaBLe 2.—Occurrence of Differentiation of the M. Intermandibularis in Anurans 
other than Hylids. 
Numbers in Parentheses Indicate Species Examined by Trewavas 


(1933) and Included in the Total. 


Differentiation 


Present Absent 
Family Genus (No. species ) (No. species ) 

Ascaphidae Leiopelma 0 2 
Atelopodidae Brachycephalus 2(1) 0 
Atelopodidae Dendrophryniscus 0 2(1) 
Bufonidae Bufo 0 4(1) 
Centrolenidae Centrolenella 0 3 
Dendrobatidae Calostethus 2 0 
Dendrobatidae Dendrobates 2 0 
Dendrobatidae Phyllobates 2 0 
Discoglossidae Bombina 0 2(1) 
Leptodactylidae Crinia 0 8 
Leptodactylidae Cycloramphus 0 2; 
Leptodactylidae Cyclorana 6 0 
Leptodactylidae Glauertia 0 2 
Leptodactylidae Heleioporus 0 5 
Leptodactylidae Lechriodus 0 2 
Leptodactylidae Leptodactylus 0 3(1) 
Leptodactylidae Limnodynastes 0 if 
Leptodactylidae Mixophyes 0 2 
Leptodactylidae Neobatrachus 0 5 
Leptodactylidae Notaden 0 3 
Leptodactylidae Pseudophryne 0 3 
Leptodactylidae Taudactylus 0 2 
Leptodactylidae Uperoleia 0 2 
Microhylidae Asterophrys 4 0 
Microhylidae Breviceps 3(1) 0 
Microhylidae Cophixalus 4 0 
Microhylidae Oreophryne 3s) 0 
Microhylidae Sphenophryne 6 0 
Ranidae Batrachylodes 2 0 
Ranidae Platymantis 6 0 
Ranidae Rana 0 12(6) 
Ranidae Rhacophorus 0 3(2) 


multaneous commencement of development of the mandibles oc- 
curs after the emergence of the forelimbs and the commencement 
of absorption of the tail. There is no complete correlation between 
mandibular development and the alterations to external features 
used as reference points by Gosner (1960), so that figure 10b ap- 
proximates to stages 42-43. 

Loss of the mandibulolabialis and the appearance of the sub- 
mentalis follow the initiation of development of the mandibles, 
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which elongate rapidly and rotate medially. The development of 
the intermandibularis accompanies the elongation of the mandible. 
Additional fibers arise anteriorly and posteriorly so that there is an 
increase in the number of fibers. Rotation transfers the site of at- 
tachment of the fibers of the intermandibularis from the ventral 
to the lateral surface of the mandible. No change was observed in 
the interhyoideus. 

The final transition from tadpole to frog occurs through stages 
44 to 45 by which time the habitus is that of a frog, but the larval 
tail is not completely absorbed, and persists as a small black stump. 
The mandibles have almost completed their development, and the 
extension of the intermandibularis has accompanied this develop- 
ment (Fig. 10c). The interhyoideus is not noticeably changed. 
Commencement of differentiation of the intermandibularis occurs 
at this ultimate point of metamorphic climax. 

In material obtained in the field, stage 46 (Fig. 10d), marking 
the completion of metamorphosis and characterized by the lack of 
a tail stump, is understandably likely to be a heterogeneous group. 
It can include some individuals captured within oui of final 
absorption of the tail, and others perhaps several days after it. How- 
ever, in the present material there is evidence to suggest genuine 
variation in the time elapsing before final dev Algemene “of the inter- 
mandibularis. In at least some individuals both the completion of 
apical differentiation of the intermandibularis, and the fusion of the 
customary sheet of this muscle with the anterior border of the in- 
terhyoideus are (in terms of external morphology), postmeta- 
morphic. In the individual illustrated in figure 10d the apical 
element is incomplete on one side. 


EVOLUTIONARY AND FUNCTIONAL SIGNIFICANCE OF 
SUPERFICIAL \[ANDIBULAR MUSCULATURE 

Jarvik (1963) used the presence of supplementary elements of 
the intermandibularis, at least by inference, to support his hypothe- 
sis of the origin of the Anura from an osteolepiform fish stock. He 
also noted the resemblance of the anuran posterolateral element of 
the intermandibularis to the mammalian M. digastricus anterior. 
Jarvik cited the observations of Trewavas (1933) on differentiation 
of the anuran intermandibularis, and stressed the undoubted simi- 
larities in disposition between some of the supplementary elements 
of this muscle in the Anura and the submandibular dermal bones 
of osteolepiform fishes. From this and other data he concluded 
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that the various lines of osteolepiform stock are “characterised by 
a retrogresssive development of the skeletal hard tissues.” 

Jarvik’s interpretation involves the assumption that flat pinnate 
muscles are primitive features. In their functional analysis of muscle 
architecture, Gans and Bock (1965) provided no support for such 
a concept. They considered that some muscle systems may have 
undergone considerable structural change several times in the 
course of their evolution. It is also relevant to note that primitive 
anurans (é.g., ascaphids ), do not possess elements supplementary to 
the intermandibularis. 

Intermandibular muscles are primarily involved in raising the 
floor of the mouth so that, from a functional viewpoint, transverse 
orientation of muscle fibers is an efficient arrangement. The em- 
ployment of these same muscles in the anuran vocal sac structure 
introduces an additional function producing entirely different 
stresses at their sites of origin and insertion. Therefore it is reason- 
able to assume that this situation induces evolutionary change of 
the muscles. 


From comparative morphology it is evident that the interhyoi- 
deus is the major component of the muscular wall surrounding the 
vocal sac. Thus the anterior and posterior development of the 
muscle, common to representatives of many genera, provides a 
means of increasing the length of the muscle fibers and presumably 
their ability to stretch. 

In the case of the diffentiated intermandibularis, post-meta- 
morphic origin eliminates larval function; the direction of the fibers 
of the apical element (e.g., in Australian Hyla) indicates that it 
evolved in response to posteriorly directed stress in the adult. This 
assumption is supported by reference to the musculature of Rhino- 
derma darwini, a species in which the vocal sac also functions as a 
brood pouch and extends further posteriorly than in any other 
anuran. 


Beddard (1908) drew attention to the presence of a triangular 
muscle at the apex of the mandibles of R. darwini. Uncertain of its 
identity, he suggested that it might represent the genioglossus. 
Trewavas (1933) identified the muscle as the intermandibularis, 
which in that species apparently has differentiated to the ultimate 
point of forming an entirely separate muscle block, not an element 
lying ventral to the principal muscle. The presence of tadpoles in 
the vocal sac would exert stress directed posteriorly. Therefore, I 
suggest that differentiation of the intermandibularis into separate 
elements is a specialization evolving within the Anura. 
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The similarity between the supplementary lateral elements and 
the mammalian digastricus anterior suggested by Jarvik (1963), is 
confined to their shape and site of origin. There is no evidence of 
homology. 

It is possible to detect at least four diverging lines in the evolu- 
tion of the vocal sac and associated musculature in which the inter- 
mandibularis is not differentiated: (1) the median submandibular 
or substernal site involving both the intermandibularis and inter- 
hyoideus, although the interhyoideus is the major component. This 
structure is common to most species now referred to Hyla; (2) in- 
volvement solely of the interhyoideus as in Triprion spatulatus; 
(3) development of a bilobular substernal structure (e.g., Smilisca); 
and (4) a bilobular supramandibular structure in Phrynohyas, 
Trachycephalus and Osteocephalus. 

Blair (1964) considered that paired vocal sacs represent the 
primitive condition and that single submandibular sacs are derived 
because they pass through a transitory bilobular stage in the course 
of their ontogeny in Bufo regularis (Inger and Greenberg, 1956), 
and pairing occurs in the Pelobatidae (McAllister, 1959). However, 
in hylids other than H. infrafrenata, the evolution of separate bilobu- 
lar structures involves change in development of various groups of 
muscle fibers; these changes are accompanied by alterations to the 
sites of muscle attachment. In contrast, the submandibular site in- 
volves scant modification of the basic anuran musculature. In the 
case of H. infrafrenata, the bilobular form is clearly a consequence 
of episternal intrusion. Therefore, I am of the opinion that hylid 
bilobular vocal sacs are not primitive structures. 


It has been suggested that in the Ranidae the evolution of lateral 
outgrowths of the vocal sac is a consequence of the presence of the 
musculus cutaneous pectoris, which limits the extent to which the 
submandibular site can be distended (Tyler, 1970). This muscle 
does not occur in the Hylidae, and I have been unable to find 
structural features likely to contribute to the evolution of supra- 
mandibular vocal sacs in certain genera. Detailed knowledge of the 
sites selected for calling by the males may indicate a situation in 
which their possession would be advantageous. 

Conceivably the very highly specialized vocal sacs of Phrynohyas 
and Trachycephalus could have been derived from the simpler 
structures now found in some species of Osteocephalus. However, 
there is no evidence that any supramandibular sacs evolved from 
substernal structures; it is more likely that each (substernal and 
supramandibular ) evolved independently. 
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PHYLOGENETIC IMPLICATIONS OF SUPERFICIAL MANDIBULAR 
MUSCULATURE 


Genera that can be demonstrated to share a close phylogenetic 
relationship using other morphological or biological criteria, ex- 
hibit similar mandibular musculature, and the musculature does not 
provide a means of distinguishing such genera. Thus, superficial 
mandibular musculature is here regarded a conservative feature, 
and particular attention is devoted to those genera sharing similar 
derived states involving differentiation of the intermandibularis. 

Duellman (1968) considered that Agalychnis, Pachymedusa and 
Phyllomedusa exhibit such a distinctive combination of character- 
istics that they merit recognition as a subfamily (the Phyllomedu- 
sinae). The form of posterolateral differentiation of the interman- 
dibularis shared by these three genera is quite unlike that of other 
hylid genera and lends support to Duellman’s proposal. Several 
authors had previously commented on the close, superficial morpho- 
logical resemblance of Nyctimystes to the phyllomedusines. Al- 
though the intermandibularis of Nyctimystes is differentiated, the 
form and position of the supplementary element is unlike that of the 
phyllomedusines, and identical to that characterizing Australian 
Hyla. This indicates that Nyctimystes is not closely related to the 
phyllomedusines; superficial similarities in features such as the shape 
of the constricted pupil are the result of convergence. It also indi- 
cates that Nyctimystes and Australian Hyla are derived from a 
single ancestral stock. 


The familial disposition of Allophryne has been the subject of 
debate, and Lynch and Freeman (1966) tentatively placed it in the 
Hylidae because they found that it differed less from the members 
of that family than from those of any other. That the nature of the 
differentiation of the intermandibularis of Allophryne is unique in 
the Hylidae is not surprising. In the absence of a comprehensive 
survey of anuran genera the distribution of all such different forms 
of differentiation is unknown; of those reported here the only ones 
exhibiting supplementary anterolateral elements similar to those of 
Allophryne are the dendrobatids Colostethus, Dendrobates, and 
Phyllobates. 

As a background to an interpretation of the morphological di- 
vergence in Hyla, it should be noted that the inclusion of Australo- 
Papuan species in H yla is a consequence of a series of assumptions 
made by early workers. Externally a tree-frog is a tree-frog. In 
fact, there is such marked convergence between arboreal hylids and 
ranids that two Papuan hylids were originally referred to the ranid 
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(hyperoliid) genus Hyperolius, whereas the ranid (rhacophorid ) 
Rhacophorus wirzi was originally described as a Hyla. Daudin 
(1802) was probably the first author to refer an Australian species 
to the genus Hyla; subsequently the action has never been ques- 
tioned seriously. Since then, numerous genera proposed for Aus- 
tralian species and based on external features have been progres- 
sively suppressed in favor of the all-embracing Hyla, although there 
have been no morphological comparisons of adequate numbers of 
species from different geographic regions to enable any critical 
conclusions. 

On the basis of the data presented here I conclude that it is not 
possible to include species with differentiated and other lacking 
differentiated muscles in a single genus. Hyla as presently consti- 
tuted contains three distinct morphological groups; there is a com- 
plete correlation between these morphological groups and their geo- 
graphical distributions. The retention of the Australo-Papuan spe- 
cies in Hyla cannot be justified. Also I conclude that the divergence 
of the West Indian species of the septentrionalis group merits their 
removal from Hyla. Dr. Trueb is currently examining the cranial 
osteology of these and possibly phylogenetically related frogs; a 
joint publication is anticipated. 


TAXONOMIC PROPOSALS 


I propose that the generic name Litoria Tschudi (1838) be used 
for all Australo-Papuan species currently referred to Hyla (Table 
3). Litoria is characterized by a differentiated musculus interman- 
dibularis. The supplementary element of the intermandibularis is 
completely separate from the principal body of the muscle and lies 
at the apex of the mandibles on each side of, and adjacent to, the 
musculus submentalis. 

The resurrection of Litoria for the Australo-Papuan species re- 
sults in the restriction of H yla to species occurring in the Nearctic, 
Palaearctic, Oriental and Neotropical regions. The intermandibu- 
laris of Hyla is not differentiated and remains a simple muscle, the 
fibers of which lie in a single plane. Such a definition excludes the 
West Indian Hyla septentrionalis group, which differ from the re- 
mainder of the genus, and from Litoria, in exhibiting partial difter- 
entiation of the intermandibularis. These same species have a der- 
mal sphenethmoid (Trueb, 1966). The diagnosis of Hyla formerly 
has been modified accordingly to accommodate them (Goin, 1961). 
The continued retention of this group of species in Hyla is a tempo- 
rary measure and my definition of the condition of the intermandib- 
ularis in Hyla is based on this consideration. 
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TaBLe 3.—Alphabetical Synonymy of the Hylid Genus Litoria 


Trivial name, original nomenclatural combination, 
author and date 


Present name 


adelaidensis (Hyla) Gray, 1841 

affinis (Pelodytes) Gray, 1842 
albolabris (Hyla) Wandolleck, 1911 
alpina ( Hyla ewingii) Fry, 1915 
amboinensis (Hyla) Horst, 1883 
angiana (Hyla) Boulenger, 1915 
angularis (Hyla) Loveridge, 1945 
arfakiana ( Hyla ( Litoria) ) Peters & Doria, 1878 
aruensis (Hyla) Horst, 1883 
atropunctata (Hyla) Van Kampen, 1923 
aurea (Rana) Lesson, 1830 

austriasiae (Rana) Schneider, 1799 
barringtonensis (Hyla phyllochroa) Copland, 1957 
becki (Hyla) Loveridge, 1945 
bernsteini (Hyla) Horst, 1883 

bicolor (Eucnemis ) Gray, 1842 
binoculata (Hyla) Gray, 1841 
blandsuttoni (Hyla) Proctor, 1924 
booroolongensis (Hyla) Moore, 1961 
boulengeri (Hylella) Méhely, 1897 
brongersmai ( Hyla) Loveridge, 1945 
bulmeri (Hyla) Tyler, 1968 

burrowsi (Hyla) Scott, 1942 

caerulea (Rana) White, 1790 

calliscelis (Hyla) Peters, 1875 

capitula (Hyla) Tyler, 1968 

castanea (Hyla) Steindachner, 1867 
chloris (Hyla) Boulenger, 1893 
chloronota (Hyla) Boulenger, 1911 
citropa (Dendrohyas ) Tschudi, 1838 
congenita (Hyla ( Litoria) ) Peters & Doria, 1878 
contrastens (Hyla) Tyler, 1968 

copei ( Litoria) Steindachner, 1867 
coplandi (Hyla) Tyler, 1968 

cyanea (Hyla) Daudin, 1802 
cyclorhynchus (Hyla aurea) Boulenger, 1882 
darlingtoni (Hyla) Loveridge, 1945 
dayi (Hyla) Gunther, 1897 

dentata (Hyla) Keferstein, 1868 
dimolops (Hyla) Cope, 1869 
dolichopsis (Calamita) Cope, 1867 
dorsalis ( Litoria) Mackay, 1878 
dorsivena (Hyla) Tyler, 1968 

elegans (Fanchonia) Werner, 1893 
eucnemis (Hyla) Lonnberg, 1900 
everetti (Hyla) Boulenger, 1897 


adelaidensis 
latopalmata 
albolabris 
ewingi 
amboinensis 
angiana 
angiana 
arfakiana 
aruensis 
nigropunctata 
aurea aurea 
caerulea 
phyllochroa 
becki 
nigropunctata 
bicolor 
adelaidensis 

? aurea 
booroolongensis 
pygmaea 
brongersmai 
bulmeri 
burrowsi 
caerulea 
ewingi 
capitula 

? aurea raniformis 
chloris 
chloronota 
citropa 
congenita 
contrastens 

? lesueuri 
coplandi 
caerulea 
cyclorhynchus 
darlingtoni 
dayi 

dentata 
cyclorhynchus 


infrafrenata infrafrenata 


dorsalis 
dorsivena 
aurea aurea 
eucnemis 
everetti 
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TABLE 3.—Continued 


Trivial name, original nomenclatural combination, 


author and date 


Present name 


ewingii (Hyla) Duméril & Bibron, 1841 ewingi 
fallax (Hyla) Boulenger, 1898 pygmaea 
flavomaculata (Nyctimystes ) Forcart, 1953 darlingtoni 
flavoviridis (Ranoidea) Girard, 1853 lesueuri 
fordii (Hyla) Gunther, 1876 gracilenta 
freycinetti ( Litoria) Tschudi, 1838 freycinetti 
genimaculata (Hyla) Horst, 1883 genimaculata 
gilleni (Hyla) Spencer, 1896 caerulea 
glauerti (Hyla bicolor) Copland, 1957 glauerti 
gracilenta (Hyla) Peters, 1869 gracilenta 
graminea ( Hyla) Boulenger, 1905 graminea 
granulata (Pelodryas) Peters, 1873 gracilenta 


guttata ( Litoria) Macleay, 1877 


impura ( Hyla ( Litoria) ) Peters & Doria, 1878 


infrafrenata infrafrenata 
thesaurensis 


inermis (Chiroleptes ) Peters, 1867 inermis 
infrafrenata (Hyla) Gunther, 1867 infrafrenata infrafrenata 
inguinalis (Hyla) Ahl, 1935 ewingi 

iris (Hyla) Tyler, 1962 iris 

irrorata (Hyla) de Vis, 1884 irrorata 
iuxtaewingii (Hyla ewingi) Copland, 1957 ewingi 
jacksoniensis (Ranoides) Tschudi, 1838 aurea aurea 
jenolanensis (Hyla) Copland, 1957 jenolanensis 
jervisiensis (Hyla) Duméril & Bibron, 1841 jervisiensis 
jeudii (Hyla) Werner, 1901 jeudei 
kampeni (Hyla) Barbour, 1908 amboinensis 
kinghorni (Hyla) Loveridge, 1950 kinghorni 
latopalmata ( Litoria) Gunther, 1867 latopalmata 
lessoni (Euscelis) Fitzinger, 1861 lesueuri 
lesueuri (Hyla) Duméril & Bibron, 1841 lesueuri 
leucova (Hyla) Tyler, 1968 leucova 
longicrus (Hylella) Boulenger, 1911 longicrus 
louisiadensis (Hyla) Tyler, 1968 louisiadensis 
loveridgei (Hyla ewingi) Copland, 1957 ewingi 
loveridgei (Nyctimystes) Neill, 1954 genimaculata 
lutea (Hyla) Boulenger, 1887 lutea 
luteiventris (Hyla) Ogilby, 1907 gracilenta 
macgregori (Hyla) Ogilby, 1890 congenita 
macrops (Hyla) Boulenger, 1883 thesaurensis 
maculata (Hyla) Spencer, 1901 maculata 


major (Hyla aurea) Copland, 1957 
marmorata ( Litoria) Dumeéril, 1853 


? aurea raniformis 
cyclorhynchus 


mehelyi (Hyla) Nieden, 1923 pygmaea 
meiriana (Hyla) Tyler, 1969 meiriana 
microbelos ( Hyla dorsalis) Cogger, 1966 microbelos 


micromembrana (Hyla) Tyler, 1963 


micromembrana 
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TABLE 3.—Continued 


Nat. Hist. 


Trivial name, original nomenclatural combination, 
author and date 


Present name 


militarius (Pelodryas) Ramsay, 1878 
milneana (Nyctimystes) Loveridge, 1945 
mintima (Hyla) Tyler, 1962 

modica (Hyla) Tyler, 1968 

moorei (Hyla) Copland, 1957 

multiplica (Hyla) Tyler, 1964 

mystacina (Hyla ( Litoria?) ) Keferstein, 1867 
mystax (Hyla) Van Kampen, 1906 
nannotis (Hyla) Andersson, 1916 

napaea (Hyla) Tyler, 1968 

nasutus (Pelodytes) Gray, 1841 
nigrofrenata (Hyla) Gunther, 1867 
nigropunctatus (Hyperolius) Meyer, 1874 
nudidigitus (Hyla phyllochrous ) Copland, 1962 
oberonensis ( Hyla ewingii ) Copland, 1957 
obtusirostris ( Litoria) Meyer, 1875 
orientalis (Hyla ewingii) Fletcher, 1898 
ouwensii (Hyla) Barbour, 1908 

papua (Hyla) Van Kampen, 1909 
papuensis (Hyla) Werner, 1901 

parvidens (Hyla) Peters, 1875 

pearsoni (Hyla) Copland, 1960 
pearsoniana (Hyla) Copland, 1961 
peninsulae (Hyla) de Vis, 1884 

peronii (Dendrohyas ) Tschudi, 1838 
phyllochroa ( Hyla) Gunther, 1863 
pollicaris (Hyla dolichopsis ) Werner, 1898 
pratti (Hyla) Boulenger, 1911 

prora (Hyla) Menzies, 1969 

punctata ( Litoria) Duméril, 1853 
pygmaeus ( Hyperolius) Meyer, 1874 
raniformis (Chirodryas ) Keferstein, 1867 
resplendens (Ranoidea) Girard, 1853 
rhacophorus (Hyla) Van Kampen, 1909 
rothii (Hyla) de Vis, 1884 

rubella (Hyla) Gray, 1842 

sanguinolenta (Hyla) Van Kampen, 1909 
schuetti (Hyla) Keferstein, 1868 

semoni (Hyla) Boettger, 1894 

serrata (Hyla) Andersson, 1916 

solomonis (Hyla) Vogt, 1912 

spaldingi (Hyla) Hosmer, 1964 

spengeli (Hyla) Boulenger, 1912 

spinifera (Hyla) Tyler, 1968 
tenuigranulata ( Hyla dolichopsis ) Boettger, 1895 


infrafrenata militaria 
thesaurensis 
angiana 

modica 

moorei 
multiplica 

? freycinetti 
mystax 

nannotis 

napaea 

nasuta 
nigrofrenata 
nigropunctata 
phyllochroa 
ewingi 
obtusirostris 
ewingi 
nigropunctata 
genimaculata 
amboinensis 
ewingi 

pearsoni 
pearsoni 

nasuta 

peroni 
phyllochroa 
infrafrenata militaria 
pratti 

prora 
cyclorhynchus 
pygmaea 

aurea raniformis 
aurea aurea 
eucnemis 

rothi 

rubella 
sanguinolenta 
adelaidensis 
nasuta 

eucnemis 
thesaurensis 
wotjulumensis 
infrafrenata infrafrenata 
spinifera 
infrafrenata infrafrenata 
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TABLE 3.—Concluded 


Trivial name, original nomenclatural combination, 


author and date Present name 
thesaurensis (Hyla) Peters, 1878 thesaurensis 
thyposticta (Hyla) Cope, 1869 cyclorhynchus 
tornieri (Hyla) Nieden, 1923 latopalmata 
trinilensis (Hyla) Ahl, 1929 infrafrenata infrafrenata 
ulongae (Hyla aurea) Copland, 1957 aurea aurea 


unicolor (Hyla ( Litoria) freycineti) Keferstein, 1867  freycinetti 
vagabunda ( Hyla ( Litoria) ) Peters & Doria, 1878 vagabunda 


verreauxii (Hyla) Duméril, 1853 verreauxi 
verruculata (Hyla (Litoria) freycineti) Keferstein, 

1867 freycinetti 
vinosa (Hyla) Lamb, 1911 P vinosa 
wilcoxi ( Litoria) Gunther, 1864 lesueuri 
wisselensis (Hyla) Tyler, 1968 wisselensis 
wollastoni (Hyla) Boulenger, 1914 arfakiana 
watjulumensis ( Hyla latopalmata) Copland, 1957 wotjulumensis 
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SUMMARY 

Hylid frogs vary in superficial mandibular musculature and in 
vocal sac structure. In several genera the Musculus intermandibu- 
laris is differentiated by the development of supplementary elements 
lying ventral to the principal element of the muscle; the M. inter- 
hyoideus develops in various ways in association with the vocal sac. 
Of 31 hylid genera and 57 genera representing nine other families, 
Hyla was found to be the only genus containing some species that 
possess supplementary elements and some species that lack them. 

Studies on muscle ontogeny revealed that the supplementary 
elements originate at metamorphic climax. The process of differ- 
entiation is considered to have evolved within the Anura in re- 
sponse to stress resulting from the evolution of the vocal sac. Genera 
that can be demonstrated to be phylogenetically closely related by 
other criteria share similar superficial mandibular musculature (é.2., 
Phyllomedusinae ). Such musculature is therefore considered to pe 
conservative. Accordingly it is not possible to retain in a single 
genus some species with supplementary elements to the interman- 
dibularis and other species lacking them. 

In Hyla there is a correlation between the form of mandibular 
musculature and the geographic distribution of the species. All 
Australian species share one morphological form unique to that 
region; the West Indies species of the Hyla septentrionalis group 
are the only other species of Hyla with differentiated muscles. 

The resurrection of Litoria Tschudi is proposed to accommo- 
date all Australian species currently referred to Hyla. The Hyla sep- 
tentrionalis group is the subject of separate study. The genus Hyla 
is redefined. 

APPENDIX 
List of hylid genera, species and subspecies examined 
(1) signifies that larvae as well as adults were examined 
Australian Region 

Litoria adelaidensis, L. amboinensis, L. angiana, L. arfakiana, L. aurea (1), 

L. bicolor, L. booroolongensis, L. burrowsi, L. caerulea, L. congenita, L. 

contrastens, L. coplandi, L. cyclorhynchus, L. darlingtoni, L. dayi, L. den- 

tata, L. dorsalis, L. dorsivena, L. eucnemis, L. everetti, L. ewingi (1), L 

genimaculata, L. glauerti, L. gracilenta, L.i. infrafrenata, L. infrafrenata 

militaria, L. iris, L. latopalmata, L. lesueuri, L. longirus, L. lutea, L. micro- 
belos, L. micromembrana, L. modica, L. moorei, L. multiplica, L. nannotis, 


L. nasuta, L. nigrofrenata, L. nigropunctata, L. peroni, L. phyllochroa, L. 
pygmaea, L. rothi, L. rubella, L. sanguinolenta, L. spinifera, L. thesaurensis 
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(1), L. wisselensis (1), L. wotjulumensis; Nyctimystes cheesmanae, N. day- 
mani, N. foricula, N. kubori, N. narinosa, N. papua, N. pulchra, N. tym- 
panocryptis, N. zweifeli. 

Nearctic Region 
Acris crepitans, A. gryllus. 
Hyla crucifer, H. femoralis, H. gratiosa, H. regilla, H. squirella, H. versicolor. 
Limnaoedus ocularis. 
Pseudacris nigrita, P. ornata, P. triserrata. 

Palaearctic Region 
Hyla a. arborea, H. arborea cretensis. 

Oriental Region 
Hyla arborea japonica, H. simplex. 

Neotropical Region 
Agalychnis callidryas, A. saltator. 
Allophryne ruthveni. 
Amphignathodon guntheri. 
Anotheca spinosa. 
Aparasphenodon brunoi. 
Aplastodiscus pervirdis. 
Argenteohyla siemersi. 
Corythomantis greeningi. 
Cryptobatrachus fuhrmanni 
Flectonotus fissilis. 
Fritziana goeldi, F. ohausi. 
Gastrotheca ceratophrys, G.m. marsupiatum, G. nicefori. 
Hemiphractus proboscideus, H. scutatus. 
Hyla albofrenata, H. alboguttata, H. albomarginata, H. albopunctata, H. 
albosignata, H. bifurca, H. bipunctata, H. boans, H. boulengeri, H. brieni, 
H. brunnea, H. calcarata, H. catharinae, H. circumdata, H. columbiana, H. 
colymba, H. crepitans, H. crospedospila, H. cuspidata, H. decipiens, H. 
depressiceps, H. dominicensis, H. ebracatta, H. egleri, H. elongata, H. eu- 
phorbiacea, H. faber, H. fasciata, H. fuscomarginata, H. fuscovaria, H. 
garbei, H. geographica, H. goughi, H. granosa, H. granulata, H. hayi, H. 
heilprini, H. lancasteri, H. lanciformis, H. leucophyllata, H. lichenata, H. 
lindneri, H. loquax, H. marianae, H. marmorata, H. megapodia, H. micro- 
cephala, H. microps, H. miliaris, H. minuta, H. misera, H. nana, H. nasica, 
H. pardalis, H. parviceps, H. pellucens, H. pentheter, H. phrynoderma, 
H. pickeli, H. polytaenia, H. pulchella prasina, H. pulchrilineata, H. punc- 
tata, H. raddiana, H. reticulata, H. rivularis, H. robertsorum, H. rondoniae, 
H. rosenbergi, H. rubra, H. sanborni, H. senicula, H. septentrionalis, H. 
smaragdina, H. spegazzini, H. subocularis, H. truncata, H. vasta, H. werneri, 
H. wilderi. 
Nyctimantis rugiceps. 
Osteocephalus buckleyi, O. leprieuri, O. pearsoni, O. taurinus, O. verru- 
cigerus. 
Pachymedusa dacnicolor. 
Phrynohyas coriacea, P. mesophaea, P. venulosa. 
Phyllodytes wuchereri. 
Phyllomedusa appendiculata, P. bicolor, P. burmeisteri bahiana, P.b. bur- 
meisteri, P. burmeisteri iheringi, P. edentula, P. fimbriata, P. guttata, P. 
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hypochondrialis, P. lemur, P. rohdei. 

Plectrohyla guatamalensis, P. ixil. 

Pternohyla fodiens. 

Ptychohyla leonhardschultzei, P. spinipollex. 

Smilisca baudini, 8. phaeota, S. puma. 

Sphaenorhynchus aurantiacus, S. eurhostus, S.o. orophilus. 
Trachycephalus jordani, T. nigromaculatus. 

Triprion petasatus, T.s. spatulus. 
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Mammals of Northwestern South Dakota 


BY 
KENNETH W. ANDERSEN and J. KNOX JONES, JR. 


The mammalian fauna of the western Dakotas and adjacent 
Montana is relatively poorly known. Few published reports have 
dealt with mammals from this part of the Northern Great Plains, 
and none of these involved detailed study of a restricted area. The 
present report summarizes information gathered in Harding County, 
northwestern South Dakota, and includes material on the more than 
50 species of mammals that are known to occur there. 

Harding County has an area of approximately 2700 square miles 
(Fig. 1). The county first was organized in 1881, but the present 
boundaries were not fixed until 1908. Physiographically, it lies in 
that part of the Missouri Plateau frequently termed the “Cretaceous 
Table Lands.” The general topography is one of rolling hills and 
flats—mostly range land vegetated by short grasses and sage—broken 
by spectacular buttes and hills that rise 400 to 600 or more feet above 
the surrounding plains. These monadnocks are “. . . part of a sys- 
tem of Tertiary erosional remnants standing above the Late Creta- 
ceous rocks of northwestern South Dakota... ,” according to Lille- 
graven (1970:532), who went on to point out: “The butte tops are 
flat and grass-covered. The western sides are being actively cut 
away by slumping, and the topography below the western cliff walls 
is hammocky with sparse vegetation. The eastern flanks of the tables 
are, by contrast, less cliff-forming and less slumped and are gener- 
ally well forested with coniferous and deciduous trees.” Slim Buttes, 
the North and South Cave Hills, the East and West Short Pine 
Hills, and the Long Pine Hills, which barely enter the county north 
of Camp Crook, comprise the pine-clad buttes; other prominences, 
such as Table Mountain and Sheep Buttes, are all but nude of 
coniferous cover. The highest point in the county, “Harding Peak,” 
is 4019 feet above sea level. 

Sediments underlying northwestern South Dakota include rocks 
assignable to the Pierre (shale), Fox Hills (sand), and Hell Creek 
formations of Cretaceous age and the Ludlow and Tongue River 
formations of the Paleocene. These rocks may be exposed at the 
surface, but usually are overlain by relatively thin soils that are 
mostly derived from them; the best soil in the county for agricul- 
tural purposes is the loessal sandy or silty loam in the northeastern 
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Fic. 1. Map of Harding County, South Dakota, showing location of places 
named in text. 


quarter, which is derived from Tongue River sediments ( Baker, 
1952). 

The climate of northwestern South Dakota is characteristic of the 
northern part of the interior grasslands of North America—that is, 
the winters are cold and the summers hot and dry. Weather data for 
the period 1896-1967 at Camp Crook are representative of those 
gathered at the several stations maintained in the county. At Camp 
Crook the mean temperature for January is 17.3 F, whereas that for 
July is 71.2 F; precipitation averages 13.17 inches annually, most 
falling in the months of April fone September; snowfall amounts 
to an average of 33.2 inches per year and is recorded from every 
month from September through May (Climatogeography of the 
United States, no. 20-39, Camp Crook, South Dakota, 1969). 

Major surface drainage systems in Harding County include the 
Little Missouri River, which flows northward through most of the 
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Fic. 2. Central part of Slim Buttes as viewed from the east. 


western part of the county, the South Fork of the Grand River, 
which originates in the east-central part of the county and flows 
generally eastward, and by the North Fork of the Moreau River, 
which originates in the south and drains in a southeasterly direction. 
Permanent standing surface water was virtually unknown prior to 
the development of artificial impoundments. 

Vegetation of the grassland areas in the county is typical of that 
found throughout the semi-arid Northern Great Plains. Cover on 
upland soils, especially those that are clayey in substance, generally 
is sparse; areas along water courses and w ell-watered sites dea here 
tend to have denser stands of grasses such as bluestem (Andropo- 
gon). Dominant grasses of upland are gramma, buffalo grass, wheat 
grass, stipa, and tickle grass. Sage (Artemisia) and numerous forbs 
are prominent in many areas. These grasslands are used extensively 
for grazing of sheep and cattle. 

The wooded buttes mentioned above are at least in part within 
the boundaries of Custer National Forest and support western yel- 
low pine (Pinus ponderosa) and junipers (Juniperus sp.). In some 
ravines and other protected sites there are groves of deciduous trees 
such as cottonwood, aspen, boxelder, ash, hackberry, elm, dogwood, 
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Fic. 3. Fuller Canyon, North Cave Hills. 


Fic. 4. Little Missouri River southwest of Ladner. Note beaver dam in back- 
ground and nature of riparian community. 
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and hawthorn, usually associated with shrubs such as buckbrush, 
chokeberry, plum, currant, and gooseberry. These groves frequently 
are associated with small springs, as the one in Deer Draw of the 
Slim Buttes. The major water courses and their tributaries are es- 
sentially treeless, although occasional stands of cottonwoods and 
other deciduous trees and shrubs occur in some places—for example 
along the Little Missouri near Camp Crook. Some representative 
habitats in Harding County are illustrated in Figs. 2-8. 

Our interest in Harding County dates from August of 1960, when 
one of us (Jones) and Robert R. Patterson visited the area briefly 
and obtained a small collection of mammals. Subsequently, field 
parties from the Museum of Natural History collected mammals in 
the county in the periods 14-30 June 1961, 23 March-11 April 1963, 
5-7 July 1965, and 13 May-11 June 1968. Incidental collection also 
occurred in the extreme western part of the county in the period 
29 June-24 July 1970 when a group was working primarily in the 
Long Pine Hills of adjacent Carter County, ear oe 

There are few published references to mammals in Harding 
County. Visher (1914), in an early biological survey of the area, 
listed 40 species of mammals, but his accounts are mainly of his- 
toric value. Subsequently, publications by Bailey (1915), Young 
(1944), Goldman (1944), Over and Churchill (1945), Jones and 
Genoways (1967), and Henderson et al. (1969) have recorded 
mammals from the county. 


ACCOUNTS OF SPECIES 

Fifty-three species of mammals known from Harding County, 
South Dakota, are treated in the accounts that follow. Appended 
‘is a brief discussion of 10 additional species that may be found 
there. In most accounts, specimens that have been examined (a 
total of 644) are listed in telegraphic style preceding remarks; lo- 
calities are arranged from north to south in such lists. Unless other- 
wise noted, specimens are housed in the Museum of Natural History. 
All measurements are in millimeters (those of embryos are crown- 
rump lengths) and weights are given in grams. 


Order Chiroptera 
Myotis evotis evotis (H. Allen, 1864) 
Long-eared Myotis 
Specimens examined (20).—NW i sec. 15, R. 5 E, T. 22 N, 2; 5 mi. N, 
2 mi. W Camp Crook, 1; 10 mi. S, 5 mi. W Reva, 16; 7 mi. S, 4% mi. E 
Harding, 1 


The long-eared myotis is not uncommon in and around wooded buttes. 
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The species may be mostly limited to these areas; an individual of unknown 
sex found dead in a small stream southeast of Harding (several miles south of 
the East Short Pine Hills) is the only specimen not taken in such a situation. 
North of Camp Crook, on the eastern edge of the Long Pine Hills, several 
M. evotis used an abandoned shed as a night roost in the summer of 1970; 
one was captured in a bat trap set at one of the entrances to the shed. 

Females obtained on May 29 and June 17 and 19 carried single embryos 
that measured 3, 14, and 15, respectively. A male young of the year taken 
on August 6 was nearly of adult size. Testes of two May-taken males measured 
4 and 2, whereas those of one taken on July 17 and another captured on August 
3 measured 6.0 and 7.5, respectively. 

Of seven adults collected in the period August 3 to 6, three females and 
two of four males were in fresh pelage; molt was nearly completed on the two 
remaining males. A male taken in mid-July was in an early stage of molt. New 
pelage is pale yellowish brown in contrast to the golden brown pelage of speci- 
mens taken in May and June. 

Chiggers, Leptotrombidium myotis (Ewing), were found on the ears of 
one long-eared myotis. 


Myotis leibii ciliolabrum (Merriam, 1886) 
Small-footed Myotis 


Eight males of this saxicolous species were shot or netted as they foraged 
over a small man-made pond in wooded Deer Draw in the Slim Buttes, 10 mi. 
S and 5 mi. W Reva—six in late June and two in early August. Probably this 
bat will be found in rocky areas elsewhere in the county. One specimen taken 
on June 23 was molting over much of the body. 


Myotis lucifugus carissima Thomas, 1904 
Little Brown Myotis 


Specimens examined (27).—2 mi. N, 5 mi. W Ludlow, 1; NW 4% sec. 15, 
Reo Bae 22N 45) NEW sec, 245 Re. a Q1N = 20354 simiee S-ac ger 
Ladner, 1; 10 mi. S, 5 mi. W Reva, 1. 


This bat is widely distributed in northwestern South Dakota and was the 
only species of Myotis reported by Visher (1914:91) in his early natural history 
survey of Harding County. We took specimens from several of the wooded 
buttes and also in areas well-removed from timber; one was shot, for example, 
as it foraged over the Little Missouri River in the extreme western part of 
the county. On May 28, 1968, a barn was located in which an incipient ma- 
ternal colony (several hundred adult females) roosted between double rafters 
supporting a metal roof. The owner of the barn, Robert Parks of Ralph, stated 
that bats have utilized this place as a summer roost for several years. The 
barn stands adjacent to the nearly treeless Big Nasty Creek, which flows through 
the hilly terrain of the northeastern section of the county. 

Fourteen of 20 females taken from the colony each carried a single embryo 
(crown-rump lengths measured 2 to 11 with a mean of 5.4). The other six 
were not visibly pregnant upon gross examination but had enlarged uteri, 
possibly indicating recent implantation. Of the remaining females from Harding 
County, three collected on May 29 had enlarged uteri, whereas two collected 
in late June evidenced no gross reproductive activity. A male obtained May 29 
had testes that measured 4. 
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Ectoparasites obtained from this species include chiggers, Leptotrombidium 
myotis (Ewing), a tick, Ornithodoros kelleyi Cooley and Kohls, fleas, Myodop- 
sylla gentilis Jordan and Rothschild and M. insignis (Rothschild), and an un- 
identified species of mite. 


Myotis volans interior Miller, 1914 
Long-legged Myotis 

Specimens examined (43)—2 mi. N, 5 mi. W Ludlow, 4; NW % sec. 15, 
R.5 E,; T. 22 N,-12; 10 mi. S, 5 mi. W Reva, 27. 

The long-legged myotis is one of the commonest bats of the wooded buttes, 
accounting for almost half of all chiropterans taken in these areas. Most of our 
specimens were shot as they foraged among trees and over water in the eve- 
ning; a few were captured in mist nets. 

Uteri of eight females obtained in the period May 23 to 31 were enlarged; 
two females collected on June 29 carried single embryos that measured 20 and 
22. A lactating female was taken on August 3, but three other adult females 
taken early in the same month evidenced no reproductive activity. Testes 
measured 2 to 4 in three May-taken males and 4 in each of two from June. 

Two males obtained June 16 and 23 were molting as evidenced by new 
hairs under the old pelage over much of the body. 

Myotis volans that we examined for ectoparasites harbored chiggers, Lepto- 
trombidium myotis (Ewing), and fleas, Myodopsylla gentilis Jordan and Roths- 
child. 


Lasionycteris noctivagans (LeConte, 1831) 
Silver-haired Bat 


A single female, which contained two embryos that measured 4, represents 
the only record of a silver-haired bat from Harding County. This specimen 
was shot at dusk on June 1, 1968, as it foraged over a small pond in Deer 
Draw of the Slim Buttes (10 mi. S and 5 mi. W Reva). Several other bats 
believed to be of this species were seen at the same place that evening. We 
initially assumed that these were late migrants, but recent findings indicate 
that this species is a common summer inhabitant of the Long Pine Hills in 
adjacent Carter County, Montana, and likely, therefore, also a resident in 
favored sites in Harding County. 


Eptesicus fuscus pallidus Young, 1908 
Big Brown Bat 

Specimens examined (11).—NW i sec. 15, R. 5 E, T. 22 N, 3; 7 mi. N, 
2 mi. W Camp Crook, 3300 ft., 2; 10 mi. S, 5 mi. W Reva, 6. 

The big brown bat is a common inhabitant of the Slim Buttes and North 
Cave Hills, where individuals were shot or netted as they foraged over water 
or among trees late in the evening. 

Two May-taken females had enlarged uteri and one taken on July 8 was 
lactating. The testes of a May-taken male measured 5, whereas those of one 
obtained in early July measured 9. One of two males shot on August 4 was 
a young of the year; the other, an adult, was in fresh pelage as was an adult 
male shot on July 8. The July-taken lactating female and three June-taken 
specimens were in old pelage. Several specimens were parasitized on the ears 
by chiggers, Leptotrombidium myotis (Ewing). 
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Lasiurus cinereus cinereus (Palisot de Beauvois, 1796) 
Hoary Bat 


The hoary bat seemingly is an uncommon summer resident of Harding 
County as but one specimen, a nonpregnant female, has been taken there. 
This bat was shot on the evening of June 22, 1961, in the Slim Buttes as it 
foraged over a small pond in Deer Draw (10 mi. S and 5 mi. W Reva). 


Plecotus townsendii pallescens (Miller, 1897) 
Townsend’s Big-eared Bat 


Specimens examined (4),—2 mi. S, 34 mi. W Ludlow (Ludlow Cave), 2 
(1 SDSU); 10 mi. S, 5 mi. W Reva, 2. 


This big-eared bat evidently is uncommon in northwestern South Dakota. 
Of the four specimens examined, two were taken at Ludlow Cave and two 
were taken in June in the southem part of Slim Buttes—a female shot as it 
foraged over a pond in Deer Draw and another female netted over a water 
tank at Summit Spring about a half mile south of Deer Draw. 


Ludlow Cave, in the caprock on the southeastern edge of the North Cave 
Hills, was formed by water erosion, resulting in numerous pockets and crevises 
in the ceiling and walls. The cave faces northwest; the mouth measures ap- 
proximately 10 feet in diameter. A few feet from the entrance the cave narrows 
and approximately 50 feet back it is no more than three feet in diameter, 
although in the first 30 feet or so the ceiling varies from 10 to 15 feet in 
height. A thorough search of this cave on June 18, 1961, revealed one bat, 
a male Plecotus, which was shot from the ceiling about 15 feet from the 
entrance. No bats were found when the cave was visited on May 16 and 
again on June 4, 1968. Visher (1914:92) reported that several Plecotus were 
found there in early September, 1912. Probably Ludlow Cave, along with the 
several abandoned coal mines in the county, serves as a hibernaculum for 
some species of bats. 


Order Lagomorpha 


Lepus townsendii campanius Hollister, 1915 
White-tailed Jack Rabbit 

Specimens examined (15).—NW i sec. 23, R. 1 E, T. 23 N, 1; sec. 24, 
R. 1 E, T. 22 N, 1; 2 mi. N, 2 mi. E Ladner, 1; 4 mi. S, 7 mi. W Ladner, 2; 
10 mi. S Ladner, 1; 6 mi. N, 2% mi. W Camp Crook, 1; 2 mi. N Buffalo, 1; 
sec, JO MR: oH, LS LOIN, 1ESWi 4 sec] 265R2 By EO eNe 120 amiss: .o.mt- 
W Reva, 3; 12 mi. S, 5 mi. W Reva, 1; 17 mi. S, 4 mi. W Reva, 1. 

This jack rabbit is abundant throughout the areas of short grass in the 
county and individuals occasionally utilize grassy slopes of buttes. Extensive 
favorable habitat and the paucity of natural predators resulting from control 
operations probably are the principal factors favoring the heavy concentrations 
of this hare noted by all of our field parties. 

A female examined on May 21 carried five fetuses and each of two others 
examined late in May carried six; all fetuses were nearly of the same size 
(110 to 120) and were completely covered with hair. A female obtained on 
May 31 appeared to have recently weaned young and females examined on 
June 5 and 17 were lactating. A female shot on June 28 and another taken 
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on July 12 proved to be approximately half grown, although young of the 
year collected on June 16, 26, and 28 were nearly of adult size. 

In late March of 1963, white-tailed jack rabbits were molting to summer 
pelage from the white pelage of winter. 


Sylvilagus audubonii baileyi (Merriam, 1897) 
Desert Cottontail 
Specimens examined (12).—2 mi. N, 5 mi. W Ludlow, 2; 10 mi. S, 4 mi. 
W Ladner, 1; 7 mi. N, 2% mi. W Camp Crook, 3300 ft., 1; 5 mi. W Buffalo, 
1; 10 mi. S, 5 mi. W Reva, 7. 


The desert cottontail is a common inhabitant of the uplands of Harding 
County, especially where varied local relief and in some instances brushy 
vegetation provide suitable cover. A female shot on May 26 in a dense stand 
of pines in the North Cave Hills carried five embryos that measured 75, another 
taken on July 4 was pregnant with six embryos that measured 18, and two 
females collected on June 16 and another on June 24 carried seven embryos 
that measured 32, 40, and 45, respectively. Two subadults collected in late 
June and two collected in early August were nearly full grown. The testes 
of an adult male obtained on March 28 measured 50. 

The male mentioned above was completely in winter pelage. Adults taken 
on June 16, 23, and 24 had almost completed molt to summer pelage, but 
each retained some evidence of active hair replacement, most often over the 
shoulders; a pregnant female obtained on July 4 had only partially completed 
the molt to summer pelage. An adult female in summer pelage that was taken 
on August 4 was inexplicably molting on the sides and over the shoulders. 

A May-taken female was parasitized by fleas, Cediopsylla inaequalis 
(Baker). 


Sylvilagus floridanus similis Nelson, 1907 
Eastern Cottontail 


Specimens examined (2).—4 mi. S, 7 mi. W Ladner, 1; 10 mi. S, 5 mi. W 
Reva, 1. 

This rabbit is uncommon in northwestern South Dakota and evidently is 
strictly associated with riparian habitats. Our only specimens were taken along 
the Little Missouri River, where thickets and small cottonwood trees were 
prevalent, and at the edge of a thicket in spring-fed Deer Draw of the Slim 
Buttes. 

A female obtained on June 26 carried eight embryos that measured 26, 
and was in process of seasonal molt. Testes of a male shot on May 20 mea- 


sured 35. 
Order Rodentia 


Eutamias minimus pallidus (J. A. Allen, 1874) 
Least Chipmunk 
Specimens examined (31)—2 mi. N, 5 mi. W Ludlow, 15; NW 1%: sec. 15, 
R. beh. T 22 Ni 22 °2 min S. 3% mi. W Ludlow; 2: NW % sec. 32; R. 1H, 
T. 20 N, 1; 9 mi. S, 7 mi. W Reva, 1; 10 mi. S, 5 mi. W Reva, 9; NE sec. 8, 
RES liG No 


The least chipmunk is common in the buttes and associated badlands 
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where it most frequently inhabits rocky areas. Visher (1914:88) reported 
E. minimus from Harding County (“abundant in badlands”), but his paper 
has been overlooked by most subsequent workers. Visher’s mention of a chip- 
munk from the mouth of the Moreau River in north-central South Dakota, 
incidentally, would seem to be in error, as would the report by Over and 
Churchill (1945:28) of Eutamias inhabiting “. . . thickets along the Little 
Missouri River of Harding County.” 

Females evidently bear but one litter annually (in late May) in north- 
western South Dakota and young are weaned by the latter part of June. Fe- 
males taken on May 15 and 19 carried embryos (five measuring 30 and three 
measuring 28, respectively). A lactating female with five placental scars was 
obtained on May 24, but eight adult females taken after June 23 previously 
had weaned young. Juveniles were collected on June 24 and 25. Testes of 
two adult males collected in mid-May measured 11 and 18, but males taken in 
summer had much smaller testes. 


In late spring, most adult least chipmunks molt from the worn, drab-gray 
pelage of winter to a brighter, more tawny summer pelage, but molt in a few 
females, perhaps originally delayed by reproductive activity, continues well into 
the summer months. Of seven specimens taken between May 15 and 24, two 
(one male and one lactating female) were in an early stage of molt, whereas 
the remainder were in winter pelage. Nine specimens (four females and five 
males) taken in mid- and late June were molting, but two females collected 
then were in winter pelage, and three animals, two males and a female, had 
completed molt to summer pelage. One adult female taken on August 5 had 
yet to complete molt to summer pelage. In our material, the first indication 
of molt from winter to summer pelage appears on the top of the head and the 
cheeks. Thereafter, molt proceeds posteriorly over the shoulder region and 
more or less evenly along the back and sides. In two specimens, small patches 
of molt preceded the general molt line. Molt on the venter apparently begins 
after molt on the dorsum approaches completion, but we could discern no 
definite pattern; on four specimens, hair was being replaced on the venter in 
scattered patches. 


An August-taken young of the year engaged in post-juvenal molt had new 
adult pelage in a vague hour-glass pattern in the dorsal trunk region as well 
as on the cheeks and anterior part of the head. It was actively molting on top 
of the head, between the ears, over the shoulders, laterally behind the front 
feet, and along the sides, and had old pelage on the rump. Ventrally, the new 
adult pelage was evident only along the midline. 

One adult male examined for ectoparasites harbored a tick, Dermacentor 
andersoni Stiles, and fleas, Monopsyllus eumolpi Rothschild. 


Spermophilus tridecemlineatus pallidus J. A. Allen, 1874 
Thirteen-lined Ground Squirrel 

Specimens examined (22).—2 mi. N, 5 mi. W Ludlow, 5; 19 mi. N, 1 mi. 
E Camp Crook, 2; 2 mi. S, 2 mi. W Ladner, 1; 6% mi. N, 2 mi. W Camp Crook, 
1; % mi. W Reva, 3; 4 mi. S, % mi. W Reva, 1; 6 mi. W Reva, 7; 15 mi. S, 
4 mi. W Reva, 1; 7 mi. S, 4% mi. E Harding, 1. 

Ground squirrels are common in areas of short grass; we observed them 
most frequently along roadways and fencerows in otherwise overgrazed flats. 
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Many of our specimens were shot or taken in break-back traps baited with 
rolled oats in just such situations. 

Young from the first litters of the year were above ground by late June and 
represented the largest segment of the population at that time; for example, 
only three of 17 individuals collected from June 20 to 27 were adults. Adult 
females collected on June 20 and July 7 had enlarged mammae but were no 
longer lactating. 

Time of emergence from hibernation in northwestern South Dakota is 
unknown, but many ground squirrels were active in the last week of March, 
1963. A male obtained on March 28 had testes that measured 27 and was in 
full winter pelage, which is easily distinguished from the shorter, darker pelage 
of summer. 


Cynomys ludovicianus ludovicianus (Ord, 1815) 
Black-tailed Prairie Dog 

Specimens examined (5).—Sec. 25, R. 3 E, T. 22 N, 2; 1% mi. W Buffalo, 
1; % mi. W Camp Crook, 3200 ft., 2. 

The extensive flatlands of short grasses on relatively deep soils provide 
ideal habitat for the black-tailed prairie dog in Harding County. Visher 
(1914:89) mentioned extensive colonies along “flats” of streams and reported 
one “town” west of the Little Missouri River that covered several sections and 
another “on the table of the West Short Pine Hills.” Recently, emphasis on 
control of numbers of prairie dogs in the area has reduced many formerly 
extensive colonies to small, disjunct units. According to Robert Kriege (per- 
sonal communication, 1968), a “town” of approximately 3000 acres, about 
five miles east of the Little Missouri River (in R. 2 E, T. 21 N), is the largest 
remaining in the county. Thirteen other colonies then known to him ranged 
in approximate size from 25 to 300 acres. 

White-colored prairie dogs apparently are not uncommon in some areas 
of the county and local residents reported to us a number of instances of sight- 
ing such individuals. One “town” located 7% mi. N and 12 mi. W Ladner, 
in the northwestern corner of the county, contained at least six families of 
white individuals, congregated together at the edge of the colony, in the spring 
of 1968. White prairie dogs also were noted by one of our field parties in 1963 
in a “town” formerly located 113 mi. W Buffalo. 


Tamiasciurus hudsonicus dakotensis (J. A. Allen, 1894) 
Red Squirrel 

Visher (1914:88) reported that he obtained a red squirrel in the Long Pine 
Hills, along the western border of Harding County, in July of 1910 and noted 
that the species had been reported to him as occurring also in the West Short 
Pine Hills. Visher’s record evidently has been overlooked by subsequent 
cataloguers (see, for example, Hall and Kelson, 1959:map 257). Insofar as we 
can ascertain, T. hudsonicus does not now occur on any of the pine-clad buttes 
and ridges of the county, although the species is present in relatively dense 
stands of ponderosa pine in the Long Pine Hills of adjacent Carter County, 
Montana, at a place only a few miles west of the South Dakota border. Prob- 
ably some individuals stray into the relatively small and sparsely-wooded areas 
of the Long Pine Hills that extend eastward to the north of Camp Crook. 

On the basis of color, specimens we have examined from the Long Pines 
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clearly are assignable to T. h. dakotensis rather than to T. h. baileyi, sub- 
stantiating in part the statement of the distribution of dakotensis published by 
Miller and Kellogg (1955:263). 


Thomomys talpoides bullatus Bailey, 1914 
Northern Pocket Gopher 

Specimens examined (22).—NE % sec. 22, R. 1 E, T. 23 N, 1; 7 mi. N, 
2% mi. W Camp Crook, 3300 ft., 3; Camp Crook, 1; 10 mi. S$, 5 mi. W Reva, 
10; 10 mi. S, 4 mi. W Reva, 4; 2 mi. S, 5 mi. E Harding, 2; Crow Buttes, 1 
(USNM). 

The northern pocket gopher probably occurs in most areas of northwestern 
South Dakota where the soil is sufficiently deep for constructing burrows, but 
we found it commonest in the lower grassy slopes of buttes and in relatively 
sandy areas along some of the major streams. 


A female obtained on June 20 contained two embryos that measured 3. 
Testes of an adult male trapped on May 18 measured 19 and those of one 
taken on July 6 measured 9. Juveniles were collected in both May and June. 

Bailey (1915:102) referred a specimen from Crow Buttes to T. t. bullatus, 
but Swenk (1941:3), in the original description of T. t. pierreicolus, suggested 
that this same specimen “probably” was referable to the latter because he 
assumed it came from soils of the Pierre series. However, Baker (1952:8) in- 
cluded the Crow Buttes in the Hell Creek formation and, in any event, one 
of us (Jones) examined the specimen in question and found it clearly referable 
to the subspecies bullatus. Over and Churchill (1945:32) erroneously assigned 
pocket gophers from northwestern South Dakota to two different subspecies 
(bullatus and clusius), referring at least one individual from Harding County 
to T. t. clusius. 

Fleas, Dactylopsylla ignota (Baker), were found on one individual exam- 
ined. Molting adults were taken in each month from May through August. 


Perognathus fasciatus fasciatus Wied-Neuwied, 1839 
Olive-backed Pocket Mouse 


Specimens examined (16).—2 mi. N, 5 mi. W Ludlow, 3; 4 mi. S, 7 mi. 
W Ladner, 9; 10 mi. S, 5 mi. W Reva, 1; 14 mi. S, 4 mi. W Reva, 2; 15 mi. S, 
4 mi. W Reva, 1. 


This pocket mouse is not uncommon in areas of short grass and sage in 
Harding County. None of five adult females taken late in June was pregnant 
or lactating, but three had enlarged mammae indicative of reproductive activity 
earlier in the spring, to which young of various sizes in our series also attest. 
Active molt was evident on adults taken on June 19, 26, and 28. 


Our specimens are intergrades between Perognathus fasciatus fasciatus 
and the paler P. f. olivaceogriseus. Average external measurements of seven 
adults (two males and five females) are: total length, 138.0 (130-150); length 
of tail, 65.3 (59-74); length of hind foot, 17.1 (15-18.5); length of ear (six 
specimens only), 6.8 (6-7); weight in grams (five specimens only), 12.9 
(11.2-14.6). Selected cranial measurements of the two males and two of the 
females are, respectively, as follows: occipitonasal length, 24.0, 23.2, 23.5, 22.3; 
interorbital breadth, 4.9, 5.2, 5.0, 5.0; mastoid breadth, 13.0, 13.1, 12.2, 11.9; 
length of maxillary toothrow, 3.3, 3.3, 3.1, 3.4. 
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Perognathus hispidus paradoxus Merriam, 1889 
Hispid Pocket Mouse 


An adult female, not reproductively active, that was trapped in rather 
sparsely vegetated rangeland to the southwest of Slim Buttes (14 mi. S and 4 
mi. W Reva) on July 19, 1961, is the only specimen of the hispid pocket mouse 
on record from Harding County. Other species of small mammals taken in 
the same or adjacent traplines were Perognathus fasciatus, Dipodomys ordii, 
Reithrodontomys megalotis, Peromyscus maniculatus, and Onychomys leuco- 
gaster. 


A single individual reported from Wade, Grant Co., North Dakota, by 
Bailey (1927:123), approximately 100 miles to the northeast, is the only 
specimen known from a more northerly locality. 


Dipodomys ordii terrosus Hoffmester, 1942 
Ord’s Kangaroo Rat 

Specimens examined (13)—NE % sec. 22, R. 1 E, T. 23 N, 6; 2 mi. N, 
5 mi. W Ludlow, 1; 2 mi. S, 11 mi. W Reva, 1; 14 mi. S, 4 mi. W Reva, 4; 
15 mi. S, 4 mi. W Reva, 1. 

Ord’s kangaroo rat is found in sparsely vegetated flatlands throughout 
Harding County, although it appears to be uncommon except in localized 
areas of relatively sandy soils. Five of seven specimens taken from June 18 
through 24, 1961, were young of the year, as were three of six individuals 
trapped on May 31, 1968. One adult female (81.1 grams) obtained on May 31 
was lactating and had four placental scars, whereas another that weighed 67.2 
grams evidenced no recent reproductive activity. An adult male (67.9 grams) 
taken on May 31 had testes that measured 9; those of a subadult male (46.5 
grams ) taken on the same date measured only 6. 


The two May-taken adult females mentioned above still were completely 
in winter pelage, but the adult male trapped at the same time was molting. 
An adult male (57.2 grams) obtained on June 22 had completed molt save for 
a small patch between the ears and immediately behind the head. 


Castor canadensis missouriensis Bailey, 1919 
Beaver 

Specimens examined (2).—Sec. 22, R. 1 E, T. 20 N, 1; 32 mi. SE Buf- 
falo, 1. 

According to local residents, the beaver is common along many of the 
water courses in the county. One of our two specimens came from a tributary 
of the Little Missouri River north of Camp Crook and the other was taken 
from a tributary of the Moreau River in the southeastern part of the county. 
Robert Kriege of Buffalo reported to us that beaver are not restricted to wooded 
areas, but frequently inhabit streams and more or less permanent impound- 
ments bordered by grassland. In such places they are said to construct bank 
dens and eat principally sage and forbs. 

Visher (1914:89) reported this species along the Little Missouri River, 
Boxelder Creek, the forks of Grand River, Bull Creek, and ‘Devil’s Gulch” in 
the North Cave Hills, and figured (pl. 6) a dam on Rabbit Creek. We have 
observed evidence of beaver activity along the Little Missouri River southwest 
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of Ladner and along aspen-wooded stream banks in the Short Pine Hills, 
where in the spring of 1963 abundant sign was found. 


Reithrodontomys megalotis dychei J. A. Allen, 1895 
Western Harvest Mouse 
Specimens examined (27).—NE % sec. 22, R. 1 E, T. 23 N, 1; 4 mi. S, 
7 mi. W Ladner, 3; 2 mi. N, 5 mi. W Ludlow, 7; % mi. W Reva, 14; 10 mi. S, 
5 mi. W Reva, 1; 14 mi. S, 4 mi. W Reva, 1. 


The western harvest mouse was taken commonly in stands of tall grasses 
and forbs, particularly along roadways and fencerows. Occasional individuals 
were trapped in areas of mixed shrubs and grasses. Four pregnant females 
taken in Jate June carried the following number of embryos (crown-rump 
lengths in parentheses): seven (4), six (5), six (10), five (4). Three adult 
males taken in the same period had testes that measured 7, 7, and 8, whereas 
those of two May-taken males measured 12 and 6. 

Molt from winter to summer pelage was in progress, from anterior to pos- 
terior, on both the dorsum and venter of many May- and June-taken animals. 
Some individuals had completed molt, or had but a small patch of winter 
pelage remaining on the rump, as early as the last week in June. 


Reithrodontomys montanus albescens Cary, 1903 
Plains Harvest Mouse 
Specimens examined (3).—2 mi. N, 5 mi. W Ludlow, 2; % mi. W Reva, 1. 


This harvest mouse is uncommon in northwestern South Dakota, although 
the species probably occurs sparingly in upland grassy habitats throughout 
Harding County. Our specimens, along with one in the collections of the 
University of Michigan Museum of Zoology, not previously reported, from 11 
mi. S Mandan, Morton Co., North Dakota, represent the northernmost known 
records of this mouse. 

A young adult female, obtained on June 21, carried three embryos that 
measured 17 and was in summer pelage; an adult male taken on June 27 
sti]l was in a worn winter pelage. 

At the locality % mi. W Reva, where traps were set in sparse to relatively 
lush grassy areas along South Dakota Highway 20, the following small mam- 
mals were taken in the same trapline (or adjacent lines) in which one plains 
harvest mouse was captured: Spermophilus tridecemlineatus pallidus, Reithro- 
dontomys megalotis dychei, Peromyscus maniculatus nebrascensis, Microtus 
ochrogaster haydenii, and Microtus pennsylvanicus insperatus. 


Peromyscus leucopus aridulus Osgood, 1909 
White-footed Mouse 

Seven adults of this woodland inhabitant were trapped along shrub-covered 
banks of the spring-fed stream and small impoundment in Deer Draw of the 
Slim Buttes (10 mi. S and 5 mi. W Reva). Deciduous trees grew in the 
bottom of the draw, but the slopes above supported ponderosa pine and juni- 
per. No white-footed mice were found along the generally treeless tributaries 
of the Moreau and Grand rivers to the east of Slim Buttes nor were these mice 
found along the Little Missouri River or in likely-looking habitat in the North 
Cave Hills. The P. leucopus of Deer Draw likely represent, therefore, an 
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isolated segment of a formerly much more broadly distributed population of 
white-footed mice on the Northern Great Plains in post-Wisconsin times. 
Other such populations may exist in Slim Buttes and perhaps elsewhere in the 
county. Zapus hudsonius and Microtus pennsylvanicus were trapped in Deer 
Draw in association with white-footed mice. 

Females collected on June 15 and August 7 were lactating and one taken 
on June 20 contained six embryos that measured 15. Two males taken on 
June 2 had testes that measured 12 and 15. These two males and a lactating 
female taken on June 15 still were in winter pelage, whereas a non-breeding 
female obtained on June 15 and a male and female (pregnant) trapped on 
June 20 were in summer pelage or an advanced stage of molt to that pelage. 
A lactating female taken on August 7 was in summer pelage excepting that 
what definitely appeared to be new winter pelage was present on the head, 
cheeks, and below the ears, and molt was evident adjacent to these areas. 

Selected average (and extreme) measurements of the seven adults from 
Deer Draw are: total length, 184.4 (175-199); length of tail, 77.4 (70-88); 
length of hind foot, 21.1 (20-22); length of ear, 16.7 (16-18); greatest length 
of skull, 27.8 (27.0-28.4); zygomatic breadth, 14.6 (14.0-14.9); least inter- 
orbital width, 4.1 (4.0-4.3); length of maxillary toothrow, 4.2 (4.0-4.4). Three 
males and two non-pregnant females weighed 34.9, 34.6, 30.5, 32.2, and 31.4 
grams, respectively. 


Peromyscus maniculatus nebrascensis (Coues, 1877) 
Deer Mouse 


Specimens examined (214).—19 mi. N, 1 mi. E Camp Crook, 5; 18 mi. N 
Camp Crook, 2; 2 mi. N, 5 mi. W Ludlow, 58; 4 mi. S, 7 mi. W Ladner, 14; 
9 mi. N, 3 mi. W Camp Crook, 3400 ft., 3; 7 mi. N, 2% mi. W Camp Crook, 
3300 ft., 2; NW # sec. 32, R. 1 E, T. 20 N, 4; % mi. W Reva, 2; SW i sec. 30, 
R. 7 E, T. 18 N, 5; 9 mi. S, 7 mi. W Reva, 3; 10 mi. S, 5 mi. W Reva, 64; 
14-15 mi. S, 4 mi. W Reva, 33; 2 mi. S, 5 mi. E Harding, 16; 7 mi. S, 4% mi. E 
Harding, 3. 


The deer mouse is the most abundant and widespread small mammal in 
northwestern South Dakota. We took specimens in all terrestrial habitats, 
although the species was commonest in upland situations such as grassy fence- 
rows, rocky areas, and hillsides supporting shrubs, juniper, or pine. 

Adult mice in reproductive condition were taken in each month from May 
through August, although most of our information is for the months of May 
and June. In the last half of May, seven pregnant females carried an average 
of 5.0 (4-6) embryos that ranged in crown-rump length from 2 to 10; three 
others taken in the same period had six, six, and three recent placental scars, 
and another was lactating. Twenty-three males collected late in May had 
testes that measured 5 to 15 (average 10.2). In the last half of June, 19 
females contained an average of 4.9 (2-7) embryos that ranged in size from 
3 to 30 in crown-rump length, and two more were lactating; seven males 
obtained in the period June 15-25 had testes that averaged 8.7 (8-10). 

Additionally, we took Jactating females on July 6, July 7, and August 7, 
and two individuals with recent placental scars on August 5. Twenty adult 
males collected in the period July 6 to 18 had testes that averaged 9.3 (6-11.5), 
whereas those of two taken on August 4 and 5 measured 10 and 12, respec- 
tively. Young animals in juvenal pelage were captured in each month, May 
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through August, the earliest being taken on May 20. The first female young 
of the year that was found carrying embryos was trapped on June 16. 

Molt from winter to summer pelage is evident on some specimens taken 
as early as the latter part of May, but most individuals from that period and 
from the first part of June still retained winter pelage. By the last half of June, 
some mice had completed (or nearly so) the seasonal molt, but many retained 
at least some worn pelage of winter into the first week of July. 


Two distinctive maturational pelages are seen in our material—juvenal 
and post-juvenal or subadult, which generally resembles adult pelage (of 
season) in texture but is duller of color. Collins (1918) for P. maniculatus, 
Hoffmeister (1951) for P. truei, and Brown (1963) for P. boylii, among others, 
have described maturational pelages and sequence of maturational molts simi- 
lar to those observed in our specimens. 

Deer mice from Harding County clearly are referable to P. m. nebrascensis 
(rather than to the smaller and paler P. m. luteus, which occurs to the east 
and southeast), even though adults average somewhat paler than adults of 
typical populations of that subspecies. A tick of the Ixodes ochotonae-angustus 
complex was obtained from one specimen. 


Onychomys leucogaster missouriensis (Audubon and Bachman, 1851) 
Northern Grasshopper Mouse 


Specimens examined (4).—NE i sec. 22, R. 1 E, T. 22 N, 2; 2 mi. N, 
5 mi. W Ludlow, 1; 14 mi. S, 4 mi. W Reva, 1. 


We found the grasshopper mouse uncommon in Harding County. All four 
of the mice listed as examined were trapped in areas supporting sage and short 
grasses, with relatively little ground cover. 

Three of our four specimens are immature—two males collected on May 31 
(testes 10, 12) and a female taken on June 25. An adult male trapped on 
June 18 was in winter pelage, but molt was underway on the crown, between 
the ears, and over the upper back and shoulders. 


Neotoma cinerea rupicola J. A. Allen, 1894 
Bushy-tailed Wood Rat 


Specimens examined (8).—2 mi. N, 5 mi. W Ludlow, 5; 12 mi. N Buffalo, 
1 (USNM); 7 mi. N; 2% mi. W Camp Grook, 3300 ft., 1: 2 mi. S, 5. mi. E 
Harding, 1. 


This woodrat is relatively uncommon, yet widely distributed, in north- 
western South Dakota. The species probably occurs throughout the rocky 
areas in the hills and buttes of Harding County, and also frequents abandoned 
or little-used buildings and feed stations for livestock. All of our specimens 
were trapped in rocky habitats, but in many such places we trapped unsuc- 
cessfully for Neotoma cinerea, even though some sign of its presence frequently 
was evident. Five of our seven specimens (all taken late in June or early in July) 
are young of the year in grayish pelage. An adult male trapped on July 14 
had testes that measured 14. 

Over and Churchill (1945:40) mentioned a specimen, which they referred 
to the subspecies N. c. cinerea, that “probably came from the Slim Butte area 
of Harding County.” Visher (1914:89) recorded the species as “plentiful and 
general” in the county. 
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Microtus ochrogaster haydenii (Baird, 1858) 
Prairie Vole 

Specimens examined (40).—NE % sec. 22, R. 1 E, T. 23 N, 1; NW % sec. 
15, R. 5 E, T. 22 N, 1; 2 mi. N, 5 mi. W Ludlow, 4; 4 mi. S, 7 mi. W Ladner, 
19; % mi. W Reva, 2; SW % sec. 30, R. 7 E, T. 18 N, 3; 10 mi. S, 5 mi. W 
Reva, 10. 

The prairie vole is the most abundant of the three microtines that are known 
from Harding County. Our specimens came primarily from areas of relatively 
dense grasses, such as those found in stream bottoms and along fencerows. 
At two places, along a fencerow % mi. W Reva and in Deer Draw, 10 mi. S 
and 5 mi. W Reva, Microtus ochrogaster and the meadow vole, M. pennsyl- 
vanicus, were trapped together. 

Nine females taken late in May and in June carried an average of 4.4 
(3-6) embryos that averaged 14.8 (4-25) in crown-rump length. Each of two 
lactating females taken in late May had six placental scars. Testes of seven 
adult males taken in May and June averaged 13.1 (12-16) in Jength. 


Microtus pennsylvanicus insperatus (J. A. Allen, 1894) 
Meadow Vole 
Specimens examined (14).— mi. W Reva, 1; 10 mi. S$, 5 mi. W Reva, 12; 
7 mi. S, 4% mi. E Harding, 1. 


This vole evidently is limited in Harding County to habitats of dense grass 


and forbs adjacent to water. We failed to trap the species in some areas that 
appeared to be suitable for occupancy. 

Two females, collected on May 15 and June 2, contained three and six 
embryos, respectively, that measured 15. One female with five placental scars 
(May 15) and two with six (May 16, June 2) also were trapped, and a lac- 
tating female was captured on June 20. Testes of two adult males taken in 
spring (May 18 and June 2) measured 15, and those of one weighing 45.6 
grams that was taken early in June measured 17. 


Ondatra zibethicus cinnamominus (Hollister, 1910) 
Muskrat 


The muskrat is common in Harding County. Half a century ago Visher 
(1914:89) noted that it was “Fairly plentiful along the streams having deep 
permanent ‘holes’.” 

Seven adults, all in winter pelage, were taken Jate in March from a pond 
near the west side of Slim Buttes (5 mi. S and 14 mi. E Buffalo). Testes of 
three adult males measured 17, 19, and 22; of three females, none evidenced 
reproductive activity. 


Mus musculus Linnaeus, 1758 
House Mouse 
The house mouse evidently is uncommon in rural environments in north- 


western South Dakota. One subadult female was trapped along a “weedy” 
fencerow, 2 mi. N and 5 mi. W Ludlow. 
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Zapus hudsonius campestris Preble, 1899 
Meadow Jumping Mouse 

Eleven specimens of this jumping mouse were taken from a relict population 
restricted to a shrub-grass habitat adjacent to a small spring-fed stream and 
impoundment in Deer Draw (10 mi. S and 5 mi. W Reva). Similar isolated 
populations may be present in the few other suitable mesic habitats in Harding 
County, but we have trapped extensively, yet unsuccessfully, for Zapus in 
such situations; specimens are known, however, from the Long Pine Hills and 
from along the Little Missouri River in adjacent Carter County, Montana. It 
is of interest that a relict population of Peromyscus leucopus also occurs in 
Deer Draw. 

The testes of two adult males obtained on June 3 measured 7, whereas those 
of one taken on May 16 measured 16. Seven embryos (measuring 8 in crown- 
rump length) were carried by a molting female trapped on June 16. Our 
specimens of Zapus, currently under study by Paul B. Robertson, appear to be 
intergrades between the subspecies campestris and intermedius, but resemble 
the former more closely than the latter. 


Erethizon dorsatum bruneri Swenk, 1916 
Porcupine 
Specimens examined (11)—NW lk sec. 15, R. 5 E, T. 22 N, 1; 2 mi. N, 
5 mi. W Ludlow, 3; 4 mi. - 7 mi. W Ladner, 1; 10 mi. S, 4 mi. W Reva, 1; 
10 mi. S, 5 mi. W Reva, 4; 2 mi. S, 5 mi. E Harding, 1 


The porcupine is a common resident of the ee buttes of Harding 
County and individuals were occasionally encountered some distance from 
pines. We noted porcupines almost nightly in June of 1961 along the road 
that parallels the Slim Buttes to the east, and found a number that had been 
struck by automobiles along this and other roadways in, or adjacent to, wooded 
areas. Visher (1914:90) earlier reported Erethizon from Harding County. 


Order Carnivora 
Canis latrans latrans Say, 1823 
Coyote 

Specimens examined (8).—North Cave Hills, 1; N of Slim Buttes, 1; N end 
Slim Butes, 1; 6 mi. N, 4 mi. W Camp Crook, 2; W of East Short Pine Hills, 1; 
E of Short Pine Hills, 1; Sheep Mountain, 1. 

The coyote population in Harding County and adjacent areas is low owing 
to an active predator control program that is supported by Jocal ranchers and 
by state and federal agencies. Our field parties neither saw nor heard coyotes, 
although tracks were found at one or two places in March of 1963. According 
to Robert Kriege (personal communication), the few coyotes that do reside 
in the area find refuge in the most rugged parts of the hills and buttes. Visher 
(1914:90) reported that this carnivore was “generally considered as abundant.” 
Our specimens all are skulls of individuals killed by a federal trapper in the 
winter of 1961-62. 


Canis lupus nubilus Say, 1823 
Gray Wolf 


Visher (1914:90) stated that wolves were “quite plentiful” in the early 
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1900’s; he quoted figures for a two-month period in 1910 when a government 
trapper took five adults and 25 pups in the vicinity of the Short Pine Hills 
and two adults and 11 pups in the general area of the Cave Hills. According 
to local residents, wolves were common in Harding County in the 1920’s. One 
(the famous “Three Toes”) trapped 20 mi. NW Buffalo in July of 1925 had 
eluded capture for more than 13 years, and in that period caused an estimated 
$50,000 in damage to livestock (Young, 1944:259,277). It seems likely that 
the skull of this animal, in the U.S. National Museum, is the one referred to 
by Goldman (1944:445). 

Wolves apparently had become rare by about 1930. The last one known 
to have been killed in northwestern South Dakota was taken on January 27, 
1945, near Red Elm, Ziebach County (Carl Cornell, personal communication ). 
We have seen a photograph of this wolf, which was mounted and now is on 
display in Deadwood, South Dakota. 


As noted by Goldman (1944:442), the subspecies nubilus probably is 
extinct. 


Vulpes vulpes regalis Merriam, 1900 
Red Fox 


Specimens examined (6).—1 mi. S, 5 mi. E Ladner, 3; 3 mi. S, 12 mi. E 
Ludlow, 1; 2 mi. W Camp Crook, 3200 ft., 1; 4 mi. S, 1 mi. E Buffalo, 1. 

This fox was present, although apparently not abundant, in Harding County 
in the early part of this century (Visher, 1914:90). He reported knowledge of 
“two or three” that had been trapped in the county and further noted a report 
that red foxes were “not rare along the Lone Pines.” Visher’s paper evidently 
was overlooked by Hall and Kelson (1959:map 447), who did not include the 
western half of South Dakota within the distribution of the species. The only 
foxes observed by our field parties were two seen in July of 1970—one an 
immature animal held captive in Camp Crook and remains of another that 
had been killed on a county road about 18 miles north of that place. Five 
specimens that had been killed by hunters were acquired in March 1963 and 
an isolated skull was picked up west of Camp Crook in 1970. 

There is a continuing demand from sheep ranchers in the county that foxes 
be controlled, yet this species seems to maintain considerably higher popula- 
tions than does the coyote. According to federal trapper Robert Kriege (per- 
sonal communication), dens of the red fox have been found principally in the 
badlands and in certain grassland areas, but rarely in the buttes proper. Records 
kept by Mr. Kriege indicate that litters are born in mid-March in Harding 
County. He estimated that over the past few years he has examined whelps 
from an average of 50 dens a year, but that more than 170 dens were found 
in the spring of 1963. 


Ursus americanus americanus Pallas, 1780 
Black Bear 
Visher (1914:91) reported that a black bear “was seen near the Cave Hills 
in July, 1910.” He further noted: “Bears have been recently killed in the 
Long Pine and Ekalaka forests [of adjacent Montana], but their day of ex- 
termination is here near at hand.” We know of no other reports of this 
carnivore from the area. 


384 UNIVERSITY OF KANSAS PuBLs., Mus. NAT. Hist. 


Ursus arctos horribilis Ord, 1815 
Grizzly Bear 


According to Visher (1914:91) a grizzly bear was killed in the early 
1890’s a short distance southwest of Camp Crook. 


Procyon lotor hirtus Nelson and Goldman, 1930 
Raccoon 

Specimens examined (10)—2 mi. N, 5 mi. W Ludlow, 4; % mi. W Reva, 
1; 4 mi. E Reva, 2; NW sec. 32, R. 1 E, T. 20 N, 3. 

The raccoon evidently is one of the commonest carnivores in Harding 
County. On June 24, 1961, a den with three young (average total length, 
429) was found in one of the numerous pockets eroded from the caprock 
of the North Cave Hills, and on May 21, 1968, another den, this one containing 
five young (average total length of three, 271), was found in a similar situa- 
tion on the east edge of the Long Pine Hills. A female trapped on June 20, 
1961, was lactating. 

Three individuals that had been killed at Ralph, along nearly treeless Big 
Nasty Creek, were examined on May 28, 1968. 


Mustela frenata longicauda Bonaparte, 1838 
Long-tailed Weasel 


This mustelid seems uncommon in northwestern South Dakota. The only 
recent reports from Harding County that have come to our attention are of a 
female and four or five young that were found in a haystack “several years 
prior to 1963” (Robert Kriege, personal communication), and of several indi- 
divuals seen by a rancher in a hay field along the Little Missouri about 7 mi. 
N Camp Crook during mowing operations in July 1970. Visher (1914:91) 
regarded the species as “quite common,” and noted that “4 or 5 dead ones” 
were seen along roads in the summer of 1910. 


Mustela nigripes (Audubon and Bachman, 1851) 
Black-footed Ferret 


In a recent summary of the natural history of this species in South Dakota, 
Henderson et al. (1969) listed seven localities in Harding County (all in 
prairie dog “towns” ) at which ferrets had been sighted or trapped as follows 
(dates in parentheses): near Ladner (March, 1963); 17 mi. N Camp Crook 
(about 1956 or 1957); T. 20 N, R. 3 E (1964); T. 20 N, R. 4 E (winter, 
1964); T. 19 N, R. 1 E (late November, 1966); T. 17 N, R. 8 E (summer, 
1965); T. 15 N, R. 1 E (winter, 1963). These authors also reported a speci- 
men in the U.S. National Museum (no. 243990) that was taken at Govert 
on November 1, 1923. Additionally, Wesley Broer, then the local game warden, 
reported to one of our parties that a ferret was seen on February 27, 1963, at a 
place 7 mi. N and 16 mi. W Buffalo. 

Visher (1914) made no mention of this species in his report of the natural 
history of Harding County. 


Mustela vison letifera Hollister, 1913 
Mink 


Tracks of a mink were observed by a member of one of our field parties 
(T. H. Swearingen) in late March of 1963 at a pond 5 mi. S and 14 mi. E 
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Buffalo, and one was reported to have been trapped in the same area the 
previous winter. Reports by local residents indicate that mink occur along the 
Little Missouri River as well as streams on the north side of the North Cave 
Hills. Visher (1914:91) reported the species to be uncommon but he knew 
of one trapped in February of 1911 on Bull Creek. 


Taxidea taxus taxus (Schreber, 1778) 
Badger 
Specimens examined (4).—Sec. 25, R. 3 E, T. 22 N, 1; NE % sec. 28, 
R.4 ED. VON, 1: 4 mi. FE Reva, 1; 10 mi. S, 2 mi. W Buffalo; 1. 
Local residents regarded the badger as relatively common in the grasslands 
of Harding County, although this species was only rarely observed by members 
of our field parties. Visher (1914:91) reported it to be “quite common.” 


Spilogale putorius interrupta (Rafinesque, 1820) 
Spotted Skunk 
We took no spotted skunks in northwestern South Dakota and both local 
residents and government trappers reported this species to be rare in the area. 
Visher (1914:91) indicated that it was “much more common than the large 
skunk” in the early part of this century. 


Mephitis mephitis hudsonica Richardson, 1829 
Striped Skunk 


Visher (1914:91) found this species to be “uncommon” in Harding County, 
as we did more than a half century later. Some local residents, however, re- 
ported this skunk to be fairly abundant. We took one specimen, an adult 
female having enlarged mammae that was captured on July 6, 1965, at a 
place 7 mi. S and 4% mi. E Harding, just south of the Short Pine Hills. Site 
records of several other striped skunks were obtained as follows: 14 mi. N 
Buffalo; 6 mi. N and 2% mi. W Camp Crook; 5% mi. WNW Buffalo; 1% mi. S and 
% mi. E Buffalo; 4 mi. S Buffalo; 10 mi. SW Ralph; and 1 mi. S Reva. 


Lutra canadensis interior Swenk, 1920 
Otter 
We have no record of this species in Harding County other than Visher’s 
(1914:91) report that an individual was “recently trapped along the Little 
Missouri River.” 


Felis concolor hippolestes Merriam, 1897 
Mountain Lion 
This large cat likely occurred throughout northwestern South Dakota prior 
to settlement by white man. No specimens are available from Harding County, 
but Visher (1914:91) reported that an individual “visited the East Short Pines 
in the winter of 1910-11.” It is doubtful that Felis concolor occurs in the area 
today, except possibly as an occasional transient. 


Lynx rufus pallescens Merriam, 1899 
Bobcat 


Specimens examined (3).—12 mi. N, 9 mi. W Buffalo, 1; 11 mi. N, 7 mi. 
W Buffalo, 1; 9 mi. N, 9 mi. W Buffalo, 1. 
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The bobcat, although not abundant, is generally distributed throughout 
Harding County, particularly in the buttes and badlands. Visher (1914:90) 
reported the species as common in the early part of this century. Our three 
specimens were shot in March 1963 by professional hunters sponsored by the 
Western South Dakota Sheepman Association, two from the air and one on 
the ground. Two other bobcats were killed in the same three-day period 
(March 25-27). 

We tentatively assign our specimens to the subspecies pallescens owing to 
their pale color and the general agreement of their external and cranial mea- 
surements with those reported for other specimens of that race. Geographic 
variation in Lynx rufus from throughout the Northern Great Plains is poorly 
documented, however, and is in need of critical analysis. External measure- 
ments of the three specimens, all males (adult and two young adults, respec- 
tively), are: total length, 870, 925, 820; length of tail, 142, 176, 155; length 
of hind foot, 191, 192, 178; length of ear, 82, 84, 71; weight (pounds), 23, 17, 
16. Respective lengths of testes were 30, 36, and 15. Selected cranial measure- 
ments of the adult and largest young adult are: condylobasal length, 113.7, 
111.5; zygomatic breadth, 88.3, 83.7; interorbital constriction, 24.5, 23.5; length 
of nasals, 30.1, 30.8; length of maxillary toothrow, 37.7, 38.6. 


Order Artiodactyla 


Cervus elaphus canadensis Erxleben, 1777 
Wapiti or Elk 

Visher (1914:87) reported that the last native elk in Harding County 
was killed in the Long Pine Hills in 1879, and also mentioned skulls picked 
up in the Cave Hills. The origin of a wapiti allegedly shot in the Slim Buttes 
in 1956 (Robert Kriege, personal communication) is unknown, but presumably 
this individual was a wanderer, possibly from the Black Hills to the south 
where elk were reintroduced some years ago. 


Odocoileus hemionus hemionus (Rafinesque, 1817) 
Mule Deer 


Specimens examined (6).—2 mi. N, 5 mi. W Ludlow, 1; 9 mi. N, 10 mi. W 
Buffalo, 2; 10 mi. S, 5 mi. W Reva, 3. 


The mule deer is common in the buttes and adjacent badland areas of the 
county, and many were seen by members of each of our field parties. Local 
residents reported “black-tails” to be widespread in the area and State Game 
Protector Merritt Paukarbek reported to Andersen that even though hunting 
success was high in the autumn of 1967, there was no apparent reduction in 
numbers in the spring of 1968. In contrast, Visher (1914:88) found this 
species absent in Harding County in the early 1900's, and stated that it was 
“exterminated by 1900.” 

An adult female taken on June 26, 1961, in the North Cave Hills was 
molting and evidenced no indication of reproductive activity. 


Odocoileus virginianus dacotensis Goldman and Kellogg, 1940 
White-tailed Deer 
Specimen examined (1).—8% mi. N, 14% mi. E Camp Crook, 1. 


The white-tailed deer is less abundant in northwestern South Dakota than 
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is O. hemionus, but a number were seen by members of our parties (in Deer 
Draw of the Slim Buttes, for example), and local residents reported many 
sightings to us. Visher (1914:82) earlier recorded this species as once “fairly 
plentiful in the forest reserves” in Harding County, but stated that it had 
become rare when he made his biological survey of the area in 1910 and 1912. 


Antilocapra americana americana (Ord, 1815) 
Pronghorn 

Specimens examined (2).—Sec. 28, R. 8 E, T. 23 N, 1; 12 mi. S, 10 mi. W 
Buffalo, 1. 

This species is the most conspicuous (and possibly the most abundant) 
ungulate in Harding County. It ranges throughout the county on flat and 
rolling grasslands where small groups, and occasionally herds of up to 50 
individuals, were seen in 1960, 1961, 1963, 1968, and 1970. Visher (1914:88) 
reported that the pronghorn was common in the area until about 1900, but 


that it was near the point of extinction when he visited the county in 1910 
and 1912. 


Bison bison bison (Linnaeus, 1758) 
Bison 

According to historical accounts (Anonymous, 1959), the bison was rare 
or absent in Harding County at the time of settlement in 1876. By the early 
1880's, however, herds were of regular occurrence, and there is one record 
(op. cit.: 95-96) of thousands crossing the Little Missouri near Camp Crook 
in November of 1882. 

One report has it that the last bison killed in the county was shot in the 
summer of 1884 (op. cit.: 73-74), but Visher (1914:88) reported that an 
“old settler” had seen “a small bunch in 1886.” Visher also reported finding 
bison remains, probably in 1910 or 1912, to the northeast of the North Cave 
Hills and west of the South Cave Hills. 


Ovis canadensis auduboni Merriam, 1901 
Mountain Sheep 

According to Visher (1914:88), mountain sheep formerly inhabited all the 
areas of buttes in Harding County but were extirpated in the 1890's. Sheep 
Mountain, a large butte just below the south end of the Slim Buttes, was re- 
ported to be the last area in which these animals occurred. Over and Churchill 
(1945:54) mentioned both the Cave Hills and Slim Buttes as localities for- 
merly inhabited by O. c. auduboni. 

Early in 1961, the South Dakota Game Commission introduced 12 animals, 
four rams and eight ewes, from Alberta (subspecies O. c. canadensis) on the 
Slim Buttes, but none is known to have survived to 1968. 


SPECIES OF UNVERIFIED OCCURRENCE 


The ten species of mammals listed below are not known certainly 
to occur in Harding County, but there is a strong likelihood that 
some will be found in the area or once occurred there. Three were 
mentioned by Visher (1914) as having been seen or taken in the 
county at the time of, or prior to, his biological survey of 1910 and 
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1912, but his accounts were not supported by adequate documenta- 
tion. In addition to the kinds listed, several other mammals, such as 
Keen’s bat (Myotis keenii septentrionalis), the red bat (Lasiurus 
borealis borealis), or the least weasel (Mustela nivalis campestris ) 
are known to occur near enough to the area that the possibility of 
their presence cannot be discounted. 


Sorex cinereus haydeni Baird, 1858.—No shrews presently are known from 
Harding County. This species almost certainly will be found in relatively 
mesic habitats there, however, as our field parties have taken specimens in 
adjacent Bowman County, North Dakota, and only a few miles to the west of 
the county in the Long Pines Hills of Montana. 


Sorex merriami merriami Dobson, 1890,—This shrew inhabits somewhat 
more xeric areas than most other members of the genus and surely occurs in 
northwestern South Dakota. Specimens are on record from western North 
Dakota and northwestern Nebraska, and in the summer of 1970 a field party 
from The University of Kansas took one but a half mile west of the Harding 
County (state) line in Carter County, Montana. 


Spermophilus richardsonii richardsonii (Sabine, 1822).—Visher (1914:88) 
reported that he saw individuals of this species “in the extreme northwestern 
corner” of Harding County. However, the limits of the presently known range 
of the species are approximately 150 miles distant from that area. 


Sciurus niger rufiventer E. Geoffroy St.-Hilaire, 1803.—The fox squirrel 
presently is unrecorded from much of the West River part of South Dakota. 
Hoffmann et al. (1969:589), however, recently have reported specimens from 
along the Yellowstone River in eastern Montana and this squirrel now may 
occur also along the Little Missouri River. It was not surprising, therefore, 
when residents of Camp Crook reported to us that in recent years they have 
seen what were believed to be fox squirrels along the Little Missouri near 
that town. Specimens now are needed to verify these reports. 


Lagurus curtatus pallidus (Merriam, 1888)—The sagebrush vole undoubt- 
edly occurs, albeit probably uncommonly, in areas of sage in northwestern 
Harding County, because specimens have been taken recently a few miles 
north and west of the county in North Dakota and Montana, respectively. 
We trapped unsuccessfully (900 trap nights) for this vole on sage flats to the 
north of Camp Crook and west of the Little Missouri River in the summer 
of 1970. “Sign,” which appeared to be that of Lagurus, was found in this area, 
but only Peromyscus maniculatus and Spermophilus tridecemlineatus were 
trapped there. 


Rattus norvegicus (Berkenhout, 1769).—No records of this introduced murid 
are available from northwestern South Dakota, but it seems likely that the 
species has reached the area. 


Vulpes velox (Say, 1823).—Visher (1914:90) reported seeing a swift fox 
“along the Little Missouri Valley in North Dakota” and further noted that an 
early settler [Sol Catron] had “trapped a few” in Harding County. Whatever 
the former status of this fox in northwestern South Dakota may have been, 
the species evidently does not occur in the area today, or is rare, and the sub- 
specific status of V. velox throughout much of the Northern Great Plains is in 
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question. A specimen obtained in February of 1970 at a place 9 mi. N and 
2 mi. E Scranton, Slope Co., North Dakota, is the only swift fox taken north 
of Nebraska in recent years (Pfeifer and Hibbard, 1970:835). 

Urocyon cinereoargenteus ocythous Bangs, 1899.—Jones and Henderson 
(1963:288) reported a gray fox from Deer Ear Buttes, Butte Co., South 
Dakota, approximately 15 miles south of the Harding County line. This species 
appears to have dispersed westward in recent years, and its future occurrence 
in the county is likely. 

Gulo gulo luscus (Linnaeus, 1758)—The wolverine probably occurred spar- 
ingly in northwestern South Dakota until the time of early settlement, but we 
know of no verified records from Harding County or surrounding areas. A 
recent report of a specimen taken south of Timber Lake, Dewey Co., South 
Dakota (Jones, 1964:283), indicates that it may again be found in the area. 

Lynx canadensis canadensis Kerr, 1792.—We have no reports of this species 
in Harding County save that Visher (1914:90) noted that local residents claimed 
specimens had “been taken recently in the Cave Hills.” Hoffmann and Pattie 
(1968:53) reported that the lynx occurs presently in eastern Montana and we 
suspect that individuals may occasionally range into Harding County. 


ZOOGEOGRAPHIC COMMENTS 


Of the 53 mammals listed in the foregoing accounts, all but one 
(Mus musculus ) are native North American species. These fall into 
five rather well-defined faunal groupings as outlined by Hoffmann 
and Jones (1970:364-365). A majority (27) can be characterized 
as “widespread species.” Most of these have broad distributions 
over much of North America; a few do not, but are widely enough 
distributed that it is impossible to assign them with certainty to a 
more circumscribed assemblage. Mammals from northwestern South 
Dakota that can be characterized as widespread are: Myotis leibii, 
Myotis lucifugus, Eptesicus fuscus, Lasionycteris noctivagans, Lasi- 
urus cinereus, Castor canadensis, Peromyscus maniculatus, Ondat- 
ra zibethicus, Erethizon dorsatum, Canis latrans, Canis lupus, Vulpes 
vulpes, Ursus americanus, Ursus arctos, Procyon lotor, Mustela fre- 
nata, Mustela vison, Taxidea taxus, Mephitis mephitis, Lutra cana- 
densis, Felis concolor, Lynx rufus, Cervus elaphus, Odocoileus 
hemionus, Odocoileus virginianus, Antilocapra americana, and Bison 
bison. The above list is composed mainly of volant or relatively 
large and mobile mammals, several of which occur also in Eurasia 
or range well into the Neotropics. 

A few widespread species deserve special comment. Two, the 
pronghorn and bison, are typical inhabitants of the interior grass- 
lands of North America and might be considered steppe species save 
for the fact that each has an extensive distribution beyond that re- 
gion. Four other species, Erethizon dorsatum, thought of primarily 
as a mammal of coniferous forests, and Ursus arctos, Taxidea taxus, 
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and Odocoileus hemionus, all more or less western taxa, are not so 
broadly distributed as are other members of this grouping. Of the 
five bats, three are year-round residents, but Lasiurus cinereus and 
evidently Lasionycteris noctivagans are migrants. 

The remaining 25 kinds of mammals are representative of four 
regional faunal groupings as follows: boreomontane species (10), 
steppe species (nine), species with Sonoran affinities (four), and 
species of the eastern deciduous forest (two). 

Boreomontane species.—Of the 10 mammals in this faunal group, 
three (Eutamias minimus, Tamiasciurus hudsonicus, and Microtus 
pennsylvanicus) are distributed both in the boreal forests to the 
north of the plains and in montane areas to the west. Six species 
(Myotis evotis, Myotis volans, Plecotus townsendii, Thomomys tal- 
poides, Neotoma cinerea, and Ovis canadensis) are primarily mon- 
tane in distribution and evidently reached northwestern South Da- 
kota from the west in late Wisconsin or post-glacial times; all but 
the pocket gopher occur there now only in the vicinity of coniferous 
timber or rocky buttes. The remaining species, Zapus hudsonius, 
is a glacial “relic.” The nearest populations now are far to the north, 
and this jumping mouse occupies only restricted habitats in north- 
western South Dakota and adjacent regions. In Harding County, 
Z. hudsonius presently is known only from Deer Draw in the Slim 
Buttes. 

Steppe species.—Taxa intimately associated with the Great Plains 
are: Lepus townsendii, Cynomys ludovicianus, Spermophilus tri- 
decemlineatus, Perognathus fasciatus, Perognathus hispidus, Reith- 
rodontomys montanus, Microtus ochrogaster, Mustela nigripes, and 
Spilogale putorius (subspecies interrupta). A few of these are 
endemic to the plains, but most occur in grassland habitats beyond 
the borders of the region. All clearly are well adapted to, and there- 
fore presumably evolved in response to, the environment of the 
interior grasslands; this zoogeographic unit, then, is characterized 
by truly steppe species that have relatively narrow habitat require- 
ments and largely concordant patterns of distribution. 


The case of the spotted skunk deserves brief commentary. This 
species was not taken or observed by members of our field parties 
and local residents made no claim to its presence except for a few 

vague recollections of spotted skunks having been seen “years ago. 
Visher (1914:91), however, reported that Spilogale was much com- 
moner than Mephitis in the early part of the century. However that 
may have been, Spilogale putorius, as currently understood, would 
be judged to be a widespread species except that recent evidence 
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strongly suggests that the plains race (interrupta) is not of the same 
species as spotted skunks to the west (subspecies gracilis). Further- 
more, the ranges of the two are not in contact. Whatever its ulti- 
mate specific affinities may be, S. p. interrupta clearly is a plains 
mammal, and thus is here considered in that zoogeographic unit. 

Sonoran species.—Sylvilagus audubonii, Dipodomys ordii, Reith- 
rodontomys megalotis, and Onychomys leucogaster are invaders to 
the Northern Great Plains from the Sonoran region to the southwest. 
The latter two, however, are rather broadly distributed on the Great 
Plains and their assignment as Sonoran species is somewhat arbi- 
trary. It is of interest that as many as nine mammals with south- 
western affinities occur as far north as southwestern South Dakota 
and adjacent Wyoming. 

Eastern species.—Only Sylvilagus floridanus and Peromyscus 
leucopus can be identified as species primarily associated with the 
astern deciduous forest. The former is limited in northwestern 
South Dakota to brushy habitats in riparian communities, whereas 
P. leucopus is restricted to relatively good stands of deciduous tim- 
ber and presently is known to occur only in Deer Draw of the 
Slim Buttes. 

Throughout its known range in the western part of the Northern 
Great Plains, P. leucopus is represented by small and disjunct popu- 
lations associated with riparian deciduous timber. The known popu- 
lation nearest to Harding County is on the Black Hills to the south; 
next nearest are several isolated or semi-isolated populations along 
the Yellowstone River in eastern Montana. Presumably, this white- 
footed mouse spread northwestward into the western part of the 
plains region along river systems, in company with deciduous 
trees, in some post-glacial period when the climate was warmer and 
wetter than now. Subsequent drying altered substantially the distri- 
bution and perhaps composition of riparian forests, and isolated 
populations of P. leucopus evidently survived only in restricted 
areas, such as Deer Draw, many of them probably marginal habitat 
for the species. 

Unverified species.If the 10 species listed as of “unverified 
occurrence,” it seems highly likely that as many as eight will be 
found to occur, or occurred within historic time, in Harding County. 
Among these eight are one steppe species (Vulpes velox), three 
with boreomontane affinities (Sorex cinereus, Gulo gulo, and Lynx 
canadensis), two (Sciurus niger and Urocyon cinereoargenteus ) 
that are associated with the eastern deciduous forests, and two 
(Sorex merriami and Lagurus curtatus) that are Great Basin ele- 
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ments. It is noteworthy that the last-mentioned faunal unit is not 
known to be represented in northwestern South Dakota. 
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